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ABSTRACT 
In England, local health service planning should be informed by health equity 
audit, to ensure services are distributed fairly in relation to the health needs of 
different demographic groups and geographical areas. Local planners therefore 
require small area estimates on both health needs, and service use, in order to 
provide services equitably. Joint replacement of the hip (THR) and knee (TKR) 
are common elective procedures making a substantial contribution to public 
health; hence are important equity indicators. The aim of this thesis is to develop 
a methodology whereby routine data sources can be used to provide local health 
planners with small area estimates of need and provision for THR and TKR. 
These estimates are then combined together in a single statistical model to 
explore equity in access to care. 
Multilevel Poisson regression modelling has been utilised to produce small area 
estimates of the need for, and provision of, THR and TKR by socio-demographic 
variables: age, sex, deprivation, rurality, and ethnic mix of the area. 
Geographical Information Systems were used to create hospital catchment areas, 
allowing hospital characteristics to be expressed as rates per 100,000 population 
and to estimate road travel times. Multilevel log-linear regression modelling is 
used to compare rates of provision to need producing equity rate ratios by socio- 
demographic, hospital and distance variables. 
This is the first study of its kind to combine small area estimates on health needs 
and service use, to understand what determines inequitable access to THR and 
TKR. Hospital characteristics do not explain why inequities occurred; patient 
willingness and physician bias may be potential barriers. The data will be useful 
to health planners in monitoring equity in access to joint replacement surgery. 
The methodology developed for this thesis can be applied in the future to 
monitor other important equity indicators. 
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CHAPTER 1. BACKGROUND 
1.1. Aim of the project 
The aim of this PhD is to explore inequity in access to health care, across various 
socio-demographic domains (age, gender, ethnicity, individual socio-economic 
position and/or area level deprivation, and geographical location) for Total Joint 
Replacement (TJR) of the hip and knee. Joint replacements make a substantial 
contribution to public health and are among the most common elective surgical 
procedures. In England, during 2006/07,61,940 knee operations and 
61,849 hip operations were recorded on the National Joint Registry 1. For people 
in need of knee replacement research has shown that this is a cost effective 
treatment 2, with good prosthesis survival rates 3 4, reducing pain, increasing 
mobility and improving quality of life 5678. Likewise hip replacement has been 
shown to be a cost effective procedure 9 leading to improved patient outcomes 10 
111213. Total joint replacement makes a substantial impact on the NHS in terms 
of volume of procedures and use of NHS resources. A recent study has shown 
that primary hip operations are projected to increase by up to 22% (knee 
operations to 63%) by the year 201014, increasing the burden on the NHS. 
In order to investigate inequity, routine data sources can be used to assess both 
the need for healthcare and how well those needs are met (through provision of 
services). In this project, the prevalence of need for TJR in the general population 
(according to various socio-demographic domains) will be estimated using cross- 
sectional population-based surveys such as the Somerset and Avon Survey of 
Health (SASH) and the English Longitudinal Study of Ageing (ELSA). This will 
then be related, ecologically, to which groups go on to receive provision of TJR in 
secondary care using data from the Hospital Episode Statistics (HES) database. 
By comparing estimates of need for TJR in the general population using ELSA 
and SASH, with estimates of provision from the HES database, we can determine 
whether there is equity/ or inequity in access to care. 
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Health planners require data on both health needs and service use, ideally at the 
individual or alternatively at the small area level, in order to provide services 
equitably. The aim here is to produce such estimates at a small area level, to 
highlight areas in England where potential problems of inequity may exist, such 
that the data can be used by healthcare planners to investigate further. For 
example, PCTs are now responsible for assessing the health needs of people in 
their local area, and ensuring the required services are available to, and can be 
accessed by, everyone who needs them 15. By using routine sources of data, such 
work can be reproduced in the future to see whether healthcare planners have 
been able to tackle any highlighted problems of inequity. 
1.2. Definitions of 'inequality' and 'inequity' 
It is important to be clear in defining the different terms used when describing 
inequalities, and analysing inequities, in healthcare. The handbook of inequality 
and socioeconomic position 16, and a report by Gordon et al for the Welsh 
assembly on the allocation of NHS resources, clearly describe the terminology 17. 
The terms used are defined below: 
- Need is where a patient has a clinical condition for which there is an 
effective intervention. This is different to demand where a patient asks to 
receive an intervention that may or may not be required. 
- Provision is the receipt of medical care for a clinical condition. 
- Access to healthcare is the ability to make use of available services and 
information, such as those in primary care (i. e. visiting a GP surgery) or 
secondary care (i. e. travelling to hospital). This is likely to depend on the 
area that a person lives in. Access reflects both patient characteristics and 
supply side factors. For example, a person's ability to access out of hours 
GP care may depend on car ownership and knowledge that such services 
exist. Supply side considerations may include the availability of MRI 
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screening within a PCT for young women with a strong genetic risk of 
breast cancer. 
- Inequality is said to exist when there is a difference in clinical need, or 
provision of medical care, according to different socio-demographic groups 
(e. g. age, gender, ethnicity, social class and/or area level deprivation, 
geography). It is a description of differences between groups. Equality 
exists when there is no such difference. 
- Inequity refers to how fairly services, opportunities and access are 
distributed across groups of people, according to the need of that group; it 
is when provision is discordant with need. It is where individuals with the 
same need consume different amounts of healthcare, such that a patient's 
socio-demographic characteristics influence their receipt of healthcare. 
- Equity is where individuals with different levels of need receive 
appropriately different amounts of healthcare. 
A study conducted by Yong and Milner, examining inequalities in access to knee 
joint replacement in the populations of Wiltshire and Sheffield, provides a useful 
example of this different terminology 18. Inequality exists in the need for knee 
replacement, in that women are twice as likely to need a knee replacement than 
men. However equality exists in the provision of knee replacement, as women are 
equally as likely to receive knee replacement as men. This represents an inequity, 
a mismatch between need and provision. For there to be equity, levels of provision 
should reflect clinical need, which would be true if women actually received 
twice as many knee replacements as men. 
1.3. History of health inequalities in Britain 
1.3.1. Trends in inequalities in Britain 
Since the early 1970s socioeconomic inequalities in health have been widening in 
Britain. This can be seen geographically, where inequalities in mortality have 
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increased between the richest and poorest in society 19 20 21, but also socially in 
terms of the gap in life expectancy between social classes 22 23. Although life 
expectancy has been improving for all groups, it is rising at a greater pace in 
more affluent areas than in poor areas. Increasing health inequalities reflect 
trends in income inequality, which has increased substantially over the last 
quarter of the 20th century 19 24. Thus while Britain is more prosperous than a 
generation ago, and overall life expectancy is higher, the rewards of that growth 
continue to be unequally distributed. 
1.3.2. Government policies to tackle health inequalities 
The current UK government has launched many initiatives in their intent to 
tackle health inequalities, through an independent inquiry 251 a cross-cutting 
review 26 and a programme for action 27. In England, the NHS Plan and the 
National Priorities Guidance for the NHS for 2002/3 have reemphasised the 
political commitment to addressing both health inequalities and inequities in 
accessing services 28. 
Two national health inequalities targets have been set 21 for reducing the gap in 
infant mortality between social classes and in life expectancy between areas, as 
well as in some of the factors associated with health inequalities (smoking, child 
poverty, and teenage pregnancies). A number of targets related to equity of 
provision are contained within various National Service Frameworks (NSF), 
NHS Public Service Agreements (PSA) and Local PSAs. Taken together these 
targets are intended to reflect and stimulate efforts to reduce the broad spectrum 
of inequalities. Although they are formulated in specific terms - socio-economic 
groups and geographical areas - they are intended to encompass a much more 
general strategy to address all of the major health inequalities including gender, 
ethnicity, and age, as well as health in specific disadvantaged groups such as 
lone parents and the homeless. 
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Government white papers have set central policy objectives for PCTs that 
explicitly encompass health improvement and tackling inequality for their 
populations 29. The issue of equity in service provision is a core component of 
this agenda, with a strong emphasis being placed on'fair access to health 
services in relation to peoples needs, irrespective of geography, class, ethnicity, 
age or sex. 
Through the new GMS contract 15, there is a commitment to a new way of 
distributing resources to address inequities in primary care services, and the 
tracking of the distribution of GPs, which should lead to improved access for 
deprived communities. It has been emphasised that existing resources may need 
to be targeted more effectively within these (and other) health authorities on 
particular groups, and that addressing barriers to access to services will also be 
important 21. 
1.3.3. How to reduce inequalities in health 
Traditionally authors have played down the role of healthcare in improvements 
in life expectancy 30 31, instead attributing this to other factors such as wealth, 
reductions in poverty and improvements in standards of living 17 32. It is 
thought that in order to reduce inequalities in health, such as the gap in life 
expectancy between the richest and poorest, you need to increase the wealth of 
the poorest in society. An example of this approach was the introduction of the 
welfare state that has been effective in relieving poverty, raising the incomes of 
the poorest families up to four times 17. 
However, the initial assertion that the impact of medical care is limited has been 
challenged. There is now much evidence on the effectiveness of certain medical 
interventions in reducing mortality and morbidity, and improving quality of life 
33 34 35. In a review of inequalities in health 32, the authors highlight how the 
introduction of treatments such as Coronary Artery Bypass Grafting (CABG) 
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have been attributed to around 3.5% of the decline in CHD mortality 34. 
Approximately half the decline in CHD mortality in New Zealand has been 
attributed to medical therapies, the other half to the targeting of risk factors 36. 
Calculations on the gains in life expectancy and quality of life associated with 
various interventions estimate that medical services in general add around five 
years of life expectancy. Extending care to include surgery, medical treatments 
and coronary care units, it is estimated that life expectancy is prolonged by an 
additional 1.2 years at a population level, with around a 55% improvement in 
quality of life 37. 
However, it is important that if a medical intervention has an impact on reducing 
mortality, that it does so equally across all socio-economic groups. This is 
important when considering inequalities in health. For the gap in inequalities in 
mortality between the richest and poorest to remain stable, an intervention that 
reduces mortality must be equally applied across all socio-economic groups. 
However to reduce inequalities, rather than maintain them at their current levels, 
the intervention needs to have a greater impact in the poorest groups. 
In a report by the NHS Centre for Reviews and Dissemination (CRD), Arblaster 
et al 38 conducted a systematic review identifying interventions that can be used 
by health services to reduce inequalities in health. They specifically considered 
interventions that target those groups with the greatest health needs. For 
example there are marked social class inequalities in the rate of childhood 
accidents, so an intervention to reduce such accidents must be equally effective 
in all social classes (or be more effective in disadvantaged groups) in order to 
reduce social class inequalities. Interventions were also considered that reduce 
morbidity in age, sex, socio-economic and ethnic groups suffering poorer health 
outcomes, such as the uptake of health promotion activities. 
The authors found evidence of a range of interventions that can be used by 
health services to reduce health inequalities. The interventions covered a wide 
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spectrum of healthcare activity such as accident prevention in older people, 
cancer, heart disease and mental health, which arc all areas the government later 
identified 28 as priorities for improving health and tackling inequalities. They 
identified several characteristics common to interventions demonstrated to be 
successful at improving the health of disadvantaged groups. However the 
authors point out that few of the evaluations reviewed were of good quality, 
with a number of problems identified, such that care must be taken not to over 
interpret the study results to extract lessons for practice not justified by the 
evidence. This suggests that there is a real lack of evidence as to which 
interventions actually work. 
1.4. Inequity in access to healthcare in the UK 
Inequity in access to healthcare in the UK is often assumed not to occur, as the 
service provided by the NHS is free to patients at the point of use. Although 
much is currently known about health inequalities, and variations in health 
status between different population groups, less is known on variations in access 
to effective health care interventions. Several studies carried out in the UK have 
shown evidence of inequity in access to health care, for various different socio- 
demographic domains such as gender, ethnicity, socio-economic status, age and 
geography (urban/rural) 39. However, thorough and well-conceived studies of 
equity in access to healthcare are uncommon. 
1.4.1. The Inverse Care Law 
One of the prime objectives of the UK National Health Service (NHS) since its 
inception in 1948 has been achieving equity of access to healthcare, yet many 
inequities in the provision and use of health services in Britain remain apparent. 
In 1971 Tudor Hart described what he termed the'Inverse Care Law' 40, which 
stated that medical services were distributed inversely to population health 
needs and, moreover, that this law operates more completely where medical care 
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is most exposed to market forces. This 'law' has subsequently been found to 
apply to a range of health service provision, such as uptake of childhood 
immunisations; use of child health services; provision of coronary artery 
revascularization and waiting times for cardiac surgery; transport accessibility in 
rural areas and many more 4142 43 44 45 46. The 'Inverse Care Law' suggests that 
inequities are an inherent part of the provision of health care in the UK, despite 
the free (at point of access) healthcare of the NHS. 
1.4.2. Inequities in primary care in the UK: government intervention and 
the role of the inverse care law 
In relating the Inverse Care Law to primary health care, Tudor Hart described 
how there is evidence of variation in the provision and availability of primary 
health care, such that those patients who are poorer and sicker arc less likely to 
have access to the care that will meet their needs. Removing primary care 
services from exposure to market forces and providing them through the NHS 
meant that access to this care for deprived sections of the population was 
improved, thereby reducing inequity 40. However, the introduction of the NHS 
did not entirely eliminate the inverse care law. 
The health needs of people living in the most deprived areas are known to be 
greater than those in more affluent areas, due to the increased levels of sickness 
and ill-health among these populations. GPs working in more deprived areas 
therefore have a greater workload, which impacts on the time and resources they 
have available to them. There is evidence to suggest that GP consultation rates 
are highest among people from more deprived areas and those from ethnic 
minorities 47 48 49. However as more deprived groups accept a greater degree of 
ill health as normal, and can be reluctant to consult a GP, the consultation rates 
from these deprived areas may be an underestimate of the actual true need for 
services. There is limited evidence that utilisation of primary care services 
among black individuals and those of lower SEP is either equivalent, if not 
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higher, than their white or more well off counter parts, after adjustment for crude 
measures of need 49. 
Clearly GPs working in deprived areas are faced with a greater burden on their 
services, and hence require greater resources and support to meet the health 
needs of the communities they serve. The government recognised this in both 
past and present GP contracts, introducing various incentives and measures, 
aimed at increasing the funding of GPs with the greatest workloads. These GP 
contracts expose primary care services to market forces, a consequence of this 
being that the inverse care law may operate more completely. 
The 1990 GP contract introduced measures to encourage higher standards of care 
in general practice, including more extensive coverage of health promotion and 
preventative medicine 50. They take the form of incentive payments for 
providing specific services, over and above the basic core of health provision that 
is financed by the payment of capitation fees. The extra workload associated 
with deprivation was acknowledged through additional capitation payments for 
patients living in the most deprived electoral wards, as assessed by the Jarman 
Underprivileged Area score. Whilst these payments helped to raise the income 
of inner city general practitioners towards the review body's recommended level 
51, discussion continues about the fairness and accuracy of these payments 52. 
Practices in affluent areas used the incentive payments to provide additional 
services, as they more than covered the cost of providing them 53 4151. Whilst the 
need for such additional services is greater in more deprived areas, GPs in such 
areas chose not to provide them, maybe due to the extra burden on their 
workload and/or incentive payments not covering the full additional cost they 
present. Research has also shown that the additional deprivation based 
payments are not enough to cover GPs' costs caused by the additional burden 
put on them by these deprived populations M. This shows how the introduction 
of a market-based system further exacerbates the inequities of the inverse care 
law, such as inequalities in access to health promotion services in primary care. 
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Under this 1990 GP contract, additional services such as health promotion and 
preventative medicine are not being directed at areas that need them most, and it 
is argued that GPs with the highest workload are still not being reimbursed 
enough. 
A new General Medical Services (GMS) contract was introduced at the end of 
200315, which placed PCTs under a duty to provide primary medical services. 
Primary care professionals can now choose to moderate their workload, by 
opting out of providing all but essential services. Practitioners providing 
additional services under the old GMS contract have the opportunity to opt out 
of them. It is then up to the PCT to ensure alternative provision of the remaining 
primary care services. A Quality and Outcomes Framework (QOF) has been 
introduced, providing contractors with financial incentives for high quality care. 
This incorporates a disease prevalence factor, so those contractors with a higher 
workload, due to a higher level of morbidity in the population they serve, receive 
extra money. This also applies to achievement in providing additional services, 
which recognises workload. The aim is to target resources effectively in areas 
where morbidity and contractor achievement are greatest, helping to tackle 
health inequalities. The idea behind the QOF is that financial incentives are the 
best method of resourcing work, driving up standards and recognising 
achievement. 
Both past and present GP contracts recognise that GPs with the greatest 
workloads require extra funding. In the new GMS contract, extra money is being 
targeted at contractors serving areas with greater morbidity and health needs. In 
the previous GP contract, extra remuneration was not sufficient to cover the 
increased costs of GPs working in more deprived areas. It remains to be seen 
whether the new method based on disease morbidity registers will be effective, 
and the impact it will have on tackling health inequalities. Most likely, GPs in 
deprived areas with heavy workloads will choose to opt out of providing 
additional services such as vaccinations/ immunisations and out-of-hours 
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services, which will then be contracted out to private companies. Current 
observations suggest that people are having trouble accessing non-essential and 
out of hours services. As before, it is likely that practices in affluent areas will 
provide the widest range of primary care services, and those in more deprived 
areas with greater workloads limited to essential services, if the extra 
remuneration is not sufficient to cover increased costs of providing non-essential 
services. 
1.4.3. The healthcare pathway in the UK 
Most healthcare is delivered by the NHS, which is funded out of general 
taxation, and seeks to be a comprehensive service, generally free to patients at 
the point of use. Patients are registered with a GP, who is responsible for 
delivering primary care, and acts as the gatekeeper to secondary care. Secondary 
care is delivered by NHS providers, which provide inpatient care (including day 
cases), outpatient care (in the form of specialist centres) and community care 
(home nursing, day centres, etc). In general, patients cannot gain access to 
secondary care unless referred by a GP, except in emergencies. A small private 
sector provides elective procedures to those who are insured, and those who 
choose to pay the fees, and NHS clinicians undertake most private procedures. 
Currently the NHS is in a state of substantial reform. The new GMS contract has 
major implications for the way primary care services are delivered. 
Responsibility for provision of primary and secondary care is changing, with 
some NHS services being contracted out to the private sector. 
Primary Care Trusts (PCTs) are currently responsible for commissioning NHS 
services such as from hospitals and general practices. They are charged with 
assessing the health needs of all the people in their local area, and ensuring the 
required services are available to, and can be accessed by, everyone who needs 
them. NHS hospitals are managed by NHS trusts, whose services are 
11 
Background 
commissioned by the PCTs. PCTs can also now expand the range of primary 
care services, to reduce pressure on out-patient and in-patient hospital 
departments. 
In April 2003, the government introduced an NHS Treatment Centre programme, 
aiming to help provide the extra clinical capacity needed to deliver swift access 
to treatment for NHS patients 55. Treatment Centres are dedicated units that 
offer safe fast pre-booked day and short stay surgery and diagnostic procedures 
in several specialities, particularly concentrating on orthopaedics and 
ophthalmology. They are run either by the NHS or commissioned by PCTs from 
independent sector providers. The aim is to increase capacity in the NHS to meet 
targets set in the NHS Plan 28 with a maximum six month waiting time for 
inpatient treatment by the end of December 2005, and a maximum 18 week wait 
from referral to treatment by December 2008. Capacity in the NHS is growing, 
but not fast enough to meet these targets, which is why extra capacity is being 
sought through independent sector run treatment centres. Treatment Centres are 
staffed either totally by NHS staff, a mix of NHS and independent sector staff by 
NHS and overseas staff working together, or entirely by independent sector staff. 
In addition to the main Independent Sector Treatment Sector (ISTC) activity, in 
May 2004 the DoH announced two supplementary contracts within the private 
sector to focus on mainly orthopaedic procedures. 
The changes being made to primary and secondary care is centred around the 
patient choice agenda. This is about giving patients the choice over where and 
when they are treated. Within primary care, list based general practice remains 
at the heart of the new GMS contract, and patients register with a GP for essential 
services. Patients can choose which practitioner they see, and will be provided 
with information on where other primary care services are available. From 
December 2005, patients needing elective treatment will be offered a choice of 
four or five hospitals once their GP has decided that a referral is required. These 
could be NHS trusts, foundation trusts, treatment centres, private hospitals or 
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practitioners with a special interest operating within primary care. This has been 
termed 'Choose and book' 56. By August 2004, all patients waiting longer than 6 
months for an operation will be offered a choice of an alternative place of 
treatment, termed 'Choice at 6 months' 57. 
1.4.4. Why barriers to care may exist 
Patient willingness 
When treatment is offered to people, there are circumstances where certain 
groups of people are unwilling to accept treatment, even if it has been offered on 
equitable terms. For example, in a population based study of primary knee 
replacement surgery 58, a third of people identified as being in need of surgery 
indicated they would not accept it if offered. In particular elderly people and 
women were less willing to undergo surgery. We need to identify the reasons 
why such groups have a preference not to accept an offer of surgery, and if 
necessary target policies at such groups to address this unequal uptake. 
Certain groups persuading GPs to get access to care 
Variations in access may indicate inappropriately high levels of utilisation 
amongst some groups, rather than low utilisation in others. Certain groups may 
persuade health services to offer treatments that would not generally be 
considered efficient use of resources. There is evidence to suggest some GPs are 
more likely to refer the economically active (and those with dependants) than 
others 59. The outcome of the consultation depends largely on the GP being able 
to arrive at a correct diagnosis, which may be influenced by patient demographic 
characteristics, including social class and ethnicity, and the quality of the GP. 
Certain groups present to GPs with more advanced disease 
The socio-demographic characteristics of patients may influence the stage at 
which they present to a GP. People differ in their perceptions of the severity of 
disease, and urgency with which they seek care. Although there is evidence 
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suggesting GP consultation rates are highest among people from more deprived 
areas and those from ethnic minorities 47 48 49, these rates may not reflect the true 
level of need for services amongst these groups. It has been suggested that 
people from more deprived groups tend to accept a greater degree of ill health as 
normal, and are less likely to consult a GP 60. Also that people from the lower 
social classes consult later to a GP, and are more likely to require surgical rather 
than conservative interventions 49. By seeking GP care at a later stage of disease, 
such groups may make less good candidates for treatment, and have worse 
outcomes than if they had sought help at an earlier stage. 
Barriers to get to a GP 
Once a patient has decided they need to seek advice from a GP, there may be 
physical barriers in seeking access to care. This may be in the form of lack of 
access to a car, location of services, availability of services provided by a PCT 
such as out-of-hours services, difficulty in getting an appointment, and so on. 
Poor physical access to care is known to reduce use of services, which is 
particularly important in the case of general practice, being the gatekeeper to 
secondary and tertiary care. Health services tend to be situated in the areas that 
need them most, whether this is primary 46, secondary 61 or tertiary 62 care. 
Research looking at transport infrastructure (by public transport and car) to GP 
services in East Anglia found that for the majority of the population access to GP 
services was good, however in the remoter rural areas with the highest health 
needs, primary care was most inaccessible 46. Research has shown that people 
who live further away from healthcare facilities are less likely to use services 62 61. 
Differential access to care because some groups are better at expressing the problem and 
what they need 
Certain groups, such as more affluent people, may be better at describing their 
symptoms, and healthcare needs, to a GP. The GP then has a clear 
understanding what the problem is, and hence how best to treat it. For other 
groups not so articulate at describing what is wrong with them, the GP may be 
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less able to correctly diagnose the problem. This may contribute to variations 
between groups in getting access to services. Research suggests that whilst 
people are equally as likely to seek help from their GP when presented with 
certain symptoms, during the consultation stage only certain groups are getting 
access to the appropriate healthcare. For example, research investigating 
urgency in seeking healthcare for chest pain or a lump, found that those in the 
lower socio-economic groups, Black people and women, were at least as likely, if 
not more likely, to report that they would access care immediately in response to 
the clinical scenarios presented 48. This suggests that under-utilisation of 
secondary care by low-income individuals and ethnic minorities does not appear 
to be caused by a reluctance to seek an initial consultation with a GP. Barriers 
may therefore occur at the consultation stage, being due to knowledge and 
inability to articulate need. 
1.4.5. What is known about inequity by socio-demographic factors 
Age 
A population based study looking at inequalities in the provision of knee 
replacement has shown that need for surgery is much greater in older people, 
but they are less likely to receive it than younger people 18. An earlier study in 
North Yorkshire also found evidence of age inequity for knee arthroplasty 63. 
Similar inequalities were seen for hip replacement 64. Age inequity has also been 
found for revascularisation such that older people are less likely to receive 
coronary artery bypass grafting (CABG) and percutaneous transluminal 
coronary angioplasty (PTCA) than their need would indicate 65 66 67. 
Social class and/or area level deprivation 
Many studies have demonstrated inequity in relation to area level deprivation, 
for various different indications. In the treatment of heart disease it has been 
shown that people living in more deprived areas have less access to services 6168 
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43 69 67 70, though some studies found no differences n 2, and others increased 
access 44. Patients in lower socioeconomic groups are less likely to be 
investigated once the disease develops, and are less likely to be referred for 
cardiac surgery thereafter. After referral deprived patients may be 
disadvantaged further, in that they may have to wait longer for their operation 
The discrepancies seen in these studies may be due to geographical differences in 
the populations being studied, in that inequities vary across different areas of the 
country. It may also depend on whether other covariates have been adjusted for, 
such as age, sex, ethnicity, need for surgery, or co-morbidities that may make a 
patient unsuitable for surgery. 
In the provision of hip and knee replacement, studies have found that people 
living in deprived areas have greater need, and are less likely to receive 
treatment's 64. Deprivation gradients have also been seen in operation rates, 
which could reflect real variation in need or patient consent to surgery, or imply 
inequity in the provision of joint replacement surgery 14. 
An examination of differences between need for surgery from GP consultation, 
and surgical provision, for six conditions amenable to surgery, suggested that 
people in the most deprived areas were more likely to consult a GP, but less 
likely to receive surgery than the most affluent 60. However this varied according 
to the condition investigated. For hip operations more people from lower social 
classes consulted a GP, but more people from higher social classes got 
operations. For hernia and gallstones, more people from lower social classes 
consulted a GP, but equal numbers of all social classes got operations. For 





Inequity has also been seen in relation to gender. Some studies have shown that 
women are less likely to have received or to be waiting for cardiac surgery than 
men in England 73 74 71, even after adjusting for need and when disease severity 
and co-morbidities are accounted for. This gender inequity is also found to 
increase with age. However, one study showed that there may be inequitable 
provision of CABG surgery for men, but there was equitable provision for 
women 61. For hip and knee replacement, women have greater need, but are 
equally likely to be receiving treatment 18 64. 
Gender appears to play a role in the relationship with deprivation. A study by 
Ben-Shlomo et al found equitable provision of CABG for women, by deprivation, 
but that men in more deprived areas may receive fewer operations 61. Yet a 
study by Findlay suggests it is women, in particular from more deprived areas, 
that have an unmet need for angiography 68. 
Geography 
Geographical differences have been observed in access to cardiology services. 
People who live near a provider unit are more likely to receive services than 
those living further away 6175. Variations in the use of revascularization services 
between regions and districts have been shown to be partly due to the 
availability of specialist services, and the distance patients live from specialist 
centres 44. Studies investigating general practice level factors on access to 
cardiology services have found that practices situated further away from referral 
centres have lower rates of angiography and revascularization rates 76 70. 
Studies of hip and knee replacement have found no differences in the need for 
surgery between rural and urban areas, however, need for TKR varied according 
to region 18. A similar trend was seen for THR, but this did not reach statistical 
significance 64. The need for TKR found within the studies conducted within 
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Wiltshire and Sheffield 18 64also varied with other studies in Avon and Somerset 
58 and North Yorkshire 63, whereas need for THR was similar across the different 
studies. 
In RRT it has been shown that there are considerable geographic differences 
between health districts acceptance rates, even after adjusting for age and sex 77. 
Studies investigating geographical variation in access to RRT, have found that 
increasing distance was associated with lower acceptance rates in all areas 62. 
Ethnicity 
Several studies have reported less aggressive treatment for coronary disease in 
South Asian people compared with white patients, but these studies were limited 
by small sample sizes and lack of adjustment for important covariates such as 
disease severity and appropriateness of the procedure. 78. More recent research 
has found that South Asians are less likely to receive revascularization, 
independent of clinical need and social class 79. Differences tended to be greater 
among older patients, women, and those of lower socio economic status. 
However, a recent study found that South Asian men and women were more 
likely to have electrocardiogram or coronary angiography, even after adjusting 
for other factors 72. The reason for this discrepancy may be that the population of 
civil servants included in this study are relatively privileged and not 
representative of the general population. At a general practice level, a study 
found no inequitable access after adjusting for important covariates, where 
practices with high proportions of South Asian patients also had higher rates of 
angiography 76. 
1.4.6. Limitations of previous research 
A systematic review (1998) has shown that despite efforts to promote equity in 
resource allocation within the NHS, and to maintain the principle of fair access, 
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substantial evidence of certain inequities in access to healthcare have been found 
39. The review highlights the difficulty in establishing the importance of 
identified inequities in terms of public health benefit. Whilst it is clear that 
inequities still exist in access to healthcare, what we need to do is better identify 
the extent, nature and importance of such inequities. 
However several problems remain with much of the research carried out in this 
area: 
Consistency of evidence 
Results from studies are not always consistent. Where some have found 
evidence of inequity, others find none. This is particularly true for much of the 
research carried out investigating access to coronary services - as noted above 
there are discrepancies in the research findings for social class/ area level 
deprivation, gender and ethnicity. 
There are several reasons why such inconsistencies may occur. It may reflect 
true heterogeneity between the different populations studied. For example, a 
recent study using the Whitehall II cohort found no evidence that South Asian 
ethnicity was associated with lower use of cardiac procedures or drugs 72, unlike 
other studies that reported less aggressive treatment of South Asian people 
compared with white patients 78 79. This is unsurprising given the characteristics 
of the Whitehall II population, which is not representative of the general 
population, and hence this disparity is likely to represent true heterogeneity. 
Geographical limitations 
Research has been carried out in specific areas of the country, such as the Thames 
region. However, these results may not be applicable across the country; 
inequities may vary in different areas. This may be because need varies by area, 
or provision varies, or both. For example, the need for total knee replacement has 
been found to vary between health authority, with need in Sheffield greater than 
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that in Wiltshire 18 and the prevalence of need was also different to that in the 
North Yorkshire study 63, and the SASH study 58. 
Measurement of need and provision 
The quality of studies carried out in this area varies widely. Need may be 
assessed by self-reported morbidity, or through a proxy measure such as 
mortality. Need also varies according to the condition being studied. The use of 
utilisation rates as a proxy measure of realised access makes it difficult to 
distinguish between demand and supply side issues, when trying to identify the 
causes of inequity. 
Narrow focus on specific socio-demographic factors 
Studies tend to focus on just one dimension of inequity (such as area 
deprivation), to the exclusion of other inequity factors. The best evidence comes 
from studies that investigate all socio-demographic factors, as well as controlling 
for other important covariates such as need for surgery and co-morbidities that 
may make a patient unsuitable for surgery. In addition, the size of any inequity 
in access to care for one domain such as ethnicity may vary according to levels of 
other socio-demographic domains. As an example, research showing that South 
Asians are less likely to receive revascularization, independent of clinical need 
and social class, found the differences tended to be greater among older patients, 
women, and those of lower socioeconomic status 79. 
1.5. Monitoring inequity in access to healthcare 
1.5.1. Why do we need to do this? 
Recent government white papers have set central policy objectives for primary 
care trusts, that include tackling inequities in their populations 29. A strong 
emphasis is placed on fair access to health services in relation to peoples needs, 
irrespective of geography, class, ethnicity, age or sex. While there is no doubt 
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that substantial inequalities in the use of healthcare services exist, according to 
various socio-demographic domains, to what extent these represent inequities 
when needs are taken into account is less clear. 
Health planners therefore require data on health needs, and service use, ideally at 
the individual or alternatively at the small area level, to plan the provision of 
services effectively 43 80 and provide services equitably (according to health care 
needs). Under the new GMS contract, PCTs are responsible for assessing the 
needs of their community and providing appropriate services 15. They will 
require accurate information on the socioeconomic and demographic factors that 
influence population need, and how this will effect provision. 
1.5.2. How can it be done? 
It has been suggested that routine data sources can be used to assess both the 
need for care, and how well needs are met 69 (through provision of services). By 
using routine data sources, such as the Hospital Episode Statistics (HES) or the 
Health Survey for England (HSE), estimates of both the need for, and provision 
of services, could be produced according to various socio-demographic domains 
such as age, gender, social class and/or area level deprivation. Then by 
comparing estimates of need to provision, by these sociodemographic groups, 
evidence of inequity in access to care can be obtained. However, healthcare 
planners such as PCTs would require such data at the small area level, in order 
for them to identify healthcare needs in their local area, and equitably provide 
appropriate provision of services. 
The benefit of using routine data sources are that they are regularly repeated and 
reproduced, such that they can be used as a tool for the routine monitoring of 
inequities. For example, if inequity is identified in a PCT in England, more 
detailed audits can be carried out to investigate any problems in more detail 6160 
69 81. Analyses can then be reproduced in the future to determine whether efforts 
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to resolve the problem have been successful. This will help policymakers and 
researchers discern the areas of greatest need, monitor trends over time, and 
identify successful programs for addressing those needs. 
The National Service Framework (NSF) for Renal Services 82 provides an example 
of a government initiative attempting to collect and use data to monitor inequity. 
The Department of Health commissioned a national survey of renal treatment 
facilities in England for 2002, and the analyses of these data were fed back to 
collaborative commissioning groups. The NSF describes how PCTs and NHS 
Trusts can use these data, local demographic information and international 
comparative data to support planning and to identify in local development plans 
the priorities for access, choice and equity. Future demand for RRT will vary in 
different areas according to the age, ethnic composition and levels of deprivation 
in their populations. They emphasise how Primary Care Trusts, as 
commissioners, and NHS Trusts will need to use national data to support 
planning and to identify local priorities, including the needs of black and 
minority ethnic groups. They will also need to join the UK Renal Registry of the 
Renal Association and take part in national comparative audit. 
1.6. What further research is required? 
A lot of research has been done demonstrating evidence for inequalities in both 
the need for, but mainly the provision of, medical services. Studies investigating 
equity in access to healthcare are less common, and suffer from a number of 
limitations such as consistency of evidence, geographical limitations, the 
measurement of need and provision, and a narrow focus on specific socio- 
demographic variables. This is an important area of research where the 
government is committed to addressing both health inequalities and inequities in 
accessing services. The process of monitoring equity is an extension of this. 
Targeting people who are in need with appropriate interventions should 
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improve quality of life. By reducing inequity, you can therefore tackle a 
proportion of the burden of inequality. 
In order to monitor equity in access to healthcare, one of the first questions will 
be to decide on what is an important indicator to monitor. It is not feasible to 
monitor all conditions, so we need to identify the most important indicators, 
whether this be due to their impact on the NHS in terms of mortality, morbidity, 
or cost. Choice of an indicator will also depend on the availability of routine data 
that can be used to measure both the need for and provision of services, by 
various socio-demographic domains. 
Having chosen an important indicator, the relevant routine data sources must be 
identified and obtained, and appropriate statistical methods used to produce 
estimates of need and provision according to the various socio-demographic 
domains. If the data are to be used by healthcare planners, the estimates must be 
provided at the small area level, rather than nationally. If for example, estimates 
of need are only available nationally due to limitations in the size of the data 
source, statistical methods could be developed to predict estimates at a small 
area level. Then by comparing estimates of need in relation to provision, 
evidence of inequity in access to healthcare can be determined. To help 
determine the cause of any inequity, the characteristics of the service provider, or 
referring organisation, are also important, such as general practice characteristics 
(fund holding status, practice area, deprivation, partnership size, and proximity 
to a secondary or tertiary referral centre) or hospital trust characteristics. 
Having produced estimates of equity in access to healthcare for an indicator, in 
small areas across England, evidence of any observed inequities can be presented 
to healthcare planners, so that a more detailed audit can be carried out to 
determine the cause of the problem. Use of routine data sources will allow 
analyses to be reproduced in the future to see if previously identified problems 
have been resolved. 
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By taking a systematic and evidence based approach in determining important 
equity indicators, and developing the methodology to use routine data sources to 
monitor equity in access, equity indicators can be produced. 
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CHAPTER 2. DEVELOPING A FRAMEWORK TO 
MONITOR EQUITABLE ACCESS TO 
HEALTHCARE 
A systematic review has shown that despite efforts to promote equity in resource 
allocation within the NHS, and to maintain the principle of fair access, 
substantial evidence of certain inequities in access to healthcare have been found 
39. The review identified a number of limitations, and highlighted how a 
systematic approach to research in this area was needed, as several areas of 
clinical importance had been ignored. Where evidence of inequity had been 
demonstrated it was unclear whether this was of public health importance. This 
raises the question of how to go about monitoring inequity in access to 
healthcare, and what conditions it is important to consider. 
Such questions posed by the systematic review have been considered in the 
National Healthcare Quality and Disparities report 81 when developing measures 
of 'quality of care' and 'access to care'. The NHQR conceptual framework is a 
matrix including components of healthcare quality (effectiveness, safety, 
timeliness, patient centeredness, equity) and patient needs (staying healthy, 
getting better, living with illness or disability, coping with end of life). In the 
NHDR an extra dimension was considered representing racial, ethnic and 
socioeconomic disparities. Measures were developed using criteria 
recommended by the Institute of Medicine: 
Importance - What is the impact on health associated with the health problem 
assessed by the measure? Are policy makers and consumers concerned about this 
area of healthcare quality? Can the healthcare system meaningfully address this 
aspect or problem? 
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Scientific soundness - Does the measure actually measure what it is intended to 
measure? Does the measure provide stable results across various populations 
and circumstances? Is there scientific evidence available to support the measure? 
Feasibility - Is the measure in use? Can information needed for the measure be 
collected in the scale and timeframe required? How much will it cost to collect 
the data needed for the measure? Can the measure be used to compare different 
groups of the population? 
The authors then considered what different data sources were available to do 
this, excluding sources that did not include information on race, ethnicity and 
socioeconomic status. By way of example, measures selected for the quality of 
end-stage renal disease include measures of the adequacy of haemodialysis, 
anaemia management, rates of referral for renal transplant, and receipt of organ 
transplant. Evidence of variation in quality of healthcare is then presented 
according to race, ethnicity and socio-economic status 83. 
Prior to this a conceptual framework had been proposed by Ben-Shlomo et al 17 
which uses a systematic and evidence-based approach to develop robust 
indicators of equity based on analysis of readily available routine data sources. 
They state that the starting point for any policy to examining inequities in 
healthcare is to establish what areas of NHS activity are of major public health 
importance in terms of activity, cost and potential for intervention. However 
areas of local priority should not be neglected, for example where there may be 
local concerns about access to general practice out of hours services. It will 
require the analysis of routine data sources on hospital admissions, prescribing 
data, primary care provision and community health care services. All major 
specialties should be included when determining which indications to examine. 
The report suggests that an ideal indicator for measuring and monitoring 
inequitable access to healthcare should address the following six issues: 
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1. Examine a condition that makes a substantial contribution to public health 
and is a major component of healthcare activity. 
2. Choose an intervention that has been demonstrated to be clinically effective 
either in terms of reducing mortality, morbidity or improving quality of life. 
3. Accommodate existing epidemiological data on the morbidity or need for 
intervention by various socio-demographic domains, such as socio-economic 
status, gender, age, ethnicity and geography (urban versus rural) as it is only 
with these data that one can even attempt to interpret the patterns of health 
care provision. 
4. Have routinely available data on need or a proxy measure of need. 
5. Be relatively robust to artefactual variations simply as a result of random 
variation. 
6. Be relatively easy to interpret with some measure of its potential policy 
implications. 
2.1. Worked example of using a conceptual framework to develop 
an equity indicator 
Using the conceptual framework proposed by Ben-Shlomo et al 17, I attempt to 
determine a list of equity indicators by working through the stages proposed. 
2.1.1. Stage 1 
To begin with, we need to establish a range of important conditions or 
interventions that are of considerable public health importance. This must be 
done using readily available sources of routine data and should cover all clinical 
specialities. We will consider health domains of mortality, morbidity, and cost, 
identifying data from the following sources: 
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Mortality - The ONS publishes data yearly on mortality statistics by cause, the 
most recent publication being for 2004 84. Information was extracted from table 
4, which contains death rates per million population by selected underlying 
cause, sex and age group for England and Wales. Age-standardised rates per 
100,000 population were then calculated for the major (ICD) mortality groupings. 
Morbidity (primary care) - The fourth national study of morbidity statistics from 
general practice (1991-92) 95 is the most recent source of data available to obtain 
general practice consultation rates for a wide range of conditions. This contains 
tables of patient and doctor consultation rates per 10,000 person years at risk, by 
ICD disease groups, age and sex. Age-standardised rates are calculated using 
the distribution of the European Standard Population 86. 
Note that a consultation is defined as "each diagnosis or reason for contact 
recorded during a face-to-face meeting between a GP or practice nurse, and a 
patient". Patient consulting rates are conceptually the same as prevalence rates, 
and are defined as "rates of patients who consulted at least once during the year". 
The difference is that for patient consulting rates, a patient is only counted once 
even if they see a doctor/nurse several times during a year for the same reason. 
Whereas doctor consultations rates include all consultations with a doctor, 
counting each consultation separately. So if a patient consults with a doctor 
several times for the same condition during a year, they are all included as 
separate consultations. 
Morbidity (secondary care) - The Hospital Episode Statistics data can be used to 
examine morbidity rates in secondary care. This information is freely available 
to download from the HESonline website (http: //www. hesonline. nhs. uk). We 
have extracted information on the main operative procedure groupings and also 
the primary reason for admission for the 2004 HES financial year, and calculated 
age-standardised rates for each of the major groupings. The International 
Classification of Disease and Related Health Problems, 10th revision (ICD-10) is 
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the coding classification used in the primary diagnosis tables. The Office of 
Population, Censuses and Surveys' Classification of Surgical Operations and 
Procedures, 4th revision (OPCS-4) is the coding classification used in the main 
operation tables. 
Cost - Information on cost was taken from NHS reference costs for 2005 available 
from the Department of Health website 
(http: / /www. dh. gov. uk/PolicyAndGuidance/OrganisationPolicy/-FinanceAnd 
Planning/NHSReferenceCosts/fs/en). This is a detailed breakdown of how over 
£36 billion of NHS expenditure was spent. We have used the NHS Trust and 
PCT combined reference cost schedule. Costs are separated into different types 
of admission such as elective and non-elective in-patient admissions, day cases, 
A&E, bone marrow transplant, chemotherapy, mental health, community 
nursing, renal dialysis sessions, and so on. 
Information on costs that are only broken down according to specialty are 
excluded (e. g. ward attenders data). Costings for paramedic services and A&E 
were also excluded. Different codes were used to classify conditions costs were 
associated with, such as Healthcare Resource Groups (HRG) and service codes. 
The total cost (Number of finished consultant episodes (FCES) * National average 
unit cost) was calculated for each HRG, or service group. 
For each of these health domains (morbidity, mortality, cost) we have identified 
the top 20 conditions, based on those with the highest age standardised rates. 
These are listed in detail in appendix 2.1. A summary is given in table 2.1 below. 
Not all of the conditions are particularly descriptive, for example "R69 Unknown 
& unspecified causes of morbidity" is in the list of main reasons for admission to 
hospital. For others, such as "FlO Simple extraction of tooth" in the main 
operative procedures, it is clear that routine data on need and/or provision 
would be difficult to obtain and may not be readily available. As we work 
through each of the six stages, conditions will be dropped for such reasons. 
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A complementary approach would be to identify conditions that arc important to 
different groups of people involved in various aspects of healthcare. To get a 
broad representation of views we would need to contact people involved in all 
aspects of healthcare such as funding bodies (Department of Health (DoH), 
Cancer Research UK, British Heart Foundation), healthcare planners and 
decision makers (Primary Care Trusts). It should encompass all those involved 
in the provision of medical care (e. g. surgeons, consultants, general practitioners) 
through to the general public's perception of what is important. 
A DELPHI approach can be used to canvas the opinion of these different groups 
of people. This would involve doing the following: 
1. Sending a questionnaire to leading regional, national and local experts 
asking them what they think are the top 20 conditions that make the 
greatest contribution to public health. 
2. Collate the results, and re-send the questionnaire with a list of the most 
popular 20 conditions reported in the first phase. Respondents are 
then asked to rank the list according to what they think are the most 
important in terms of. burden on the health service, use of NHS 
resources (cost), public health importance, clinical effectiveness, 
evidence of inequitable access. Ask if they wish to suggest any other 
criteria on which to base the importance of a condition. Rank each in 
terms of importance on a Likert scale of 1 to S. 
3. Re-send with the results from the second phase, and ask respondents if 
they wish to change their opinion, and why. 
The main reason for canvassing expert opinion is to identify conditions in a 
group of people that are in a position to take action and take the results seriously. 
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2.1.2. Stage 2 
Now we have a list of potential indications and procedures from stage 1, we need 
to find out if there is evidence of its clinical effectiveness. This can be done by 
conducting a thorough examination of research into the effectiveness of 
interventions using sources such as the National Institute of Clinical Excellence 
(NICE), Health Technology Assessment (HTA), the Cochrane Library, BMJ 
clinical effectiveness reviews, and evidence based medicine journals. 
The evidence needs to be summarised for each potential indicator identified in 
stage 1, and clinical effectiveness determined using methods such as the SIGN 
levels of evidence 
(http: //www. sign. ac. uk/methodology/a rgee igu de/agree/-gradingsystem. html 
)" 
When summarising the evidence for the treatments, interventions can be 
classified into different types such as Drugs, Surgical, Paramedical, and 
Psychological. The primary outcomes of the intervention should be summarised 
as to whether they reduce morbidity, mortality, hospital admissions or a 
combination of these. Then for each treatment considered, present the overall 
effect estimate, and a descriptive summary of the treatment effect. 
Using this approach, several indicators may be excluded at this stage, if there is 
insufficient evidence of clinical effectiveness. However, for the remaining 
indications a full Medline search of all research papers in the UK will be required 
for a comprehensive examination of effectiveness. Expert opinion could also be 
sought, as they may have additional information not readily available in the 
public domain. 
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2.1.3. Stage 3 
For each condition that has made it through to this stage, we now need to 
conduct a comprehensive review of the existing UK literature describing the 
distribution of disease in the general population. This is to determine the 
population requirement, or need for treatment, in people with an existing 
medical condition. Specifically, we want to understand how the disease is 
distributed across the various socio-demographic domains such as age, gender, 
ethnicity, social class and/or area level deprivation and geography. 
The aim is to estimate the true need for medical care in the general population, at 
the base of the clinical iceberg. This should capture all people in need of medical 
care, including those who are known to medical services (diagnosed) as they 
have sought advice from say their general practitioner about the condition, but 
also those who remain unknown (undiagnosed), as such people may be in need 
of medical care but have not yet sought help or are unaware that they have the 
condition as it is asymptomatic. 
Data on need may come from population-based studies, such as the Somerset 
and Avon Survey of Health (SASH)8758, but these may be limited to small areas 
of the country, and levels of need could vary geographically. Nationally 
representative data on need may be available from regularly updated population 
surveys such as the Health Survey for England (HSE). 
Even when little or no research on the epidemiology of disease has been 
published, a search should be conducted for sources of data that are available to 
do this, which may be population-based studies or other sources of routinely 
available data. If little is known on the underlying epidemiology of disease in 
the general population of the UK, data should be sought from other countries, 
and the assumption made that whilst absolute levels of disease may differ, the 
relative differences between different socio-demographic groups may still be 
valid. Under the same principle, in some cases proxy measures of need can be 
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used such as secondary care admissions for myocardial infarction and unstable 
angina for heart disease, which would be available from the hospital episode 
statistics (HES). If there is no data available to understand the distribution of 
disease in the UK, an indication may be dropped at this stage, but this should act 
as a trigger for new research of a population-based needs assessment for that 
condition. 
An editorial by Holland and Harvey 88 stated that without attempts to quantify 
healthcare need, health service planning operates in a vacuum. The authors 
quote the National Health Service Review 'Working for Patients' which stated 
that the assessment of population health needs should be the first step in 
deciding what local health services are required. If an indication has made it to 
stage 3, then it has been considered of major public health importance, with 
evidence that available treatments are both cost and clinically effective. It is 
therefore crucial to understand the true 'need' for an intervention, as in how 
many people with a clinical condition may benefit from an intervention, for 
healthcare planners to be able to determine adequate levels of provision. 
In determining 'need' there should be a clear criteria as to which patients are 
judged to be in need. Holland and Harvey 88 suggest that in clinical practice this 
has tended to involve the subjective professional judgement of a clinician or team 
of health professionals. However, recently a number of more objective criteria 
have been developed across a variety of surgical interventions (coronary artery 
bypass grafting, joint replacement, cataract surgery) to attempt to prioritize those 
with proven disease. 
Once there is an understanding on the current prevalence of disease (the pool of 
people in need of a medical intervention at a particular point in time), population 
studies are required that follow such patients up over time to estimate the 
incidence of disease (the number of new cases of disease). This is important for 
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future healthcare planning, as if disease incidence is rising, then provision of 
services will need to increase in the future. 
It is also important to consider a patient's preference for treatment. Of those 
identified as in need, some may favour conservative management even if they 
have severe disease, whilst others would prefer surgery. Patient preference may 
vary by demographic factors and also change over time. Of those in need of 
surgery, we need to estimate the actual demand for it, in order to provide 
adequate levels of provision. 
2.1.4. Stage 4 
Once we have identified that there is an understanding of the underlying 
epidemiology of disease, we then need to examine whether people have access to 
the necessary medical care. This could be from primary care, or secondary care, 
and consideration should be given to the care pathway a patient would use to 
receive medical care. Such information is available from a variety of routine data 
sources such as the General Practice Research Database (GPRD), Prescription 
Pricing Authority (PPA) and the Hospital Episode Statistics (HES) for England. 
When trying to identify relevant sources of data to estimate both need (stage 3) 
and provision (stage 4), the usefulness of a data source will likely be dependent 
on the condition studied. For example whilst HES would provide a source of 
data on admissions to hospital for hip replacement, it is of less use in 
determining provision of dialysis services for people with end stage renal 
disease. Instead routine data would be sourced from the UK Renal Registry. 
Therefore, the process of identifying relevant data must be repeated for each 
condition left at this stage. 
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Where no routine data is available, the indicator would be dropped at this stage. 
This then begs the question of how healthcare planners determine provision of 
services if there is no data in place to monitor it. 
A recent report by Macfarlane et al 89 for the National Co-ordinating Centre for 
NHS Service Delivery and Organisation, looked at identifying and evaluating 
standardised datasets to monitor access to healthcare. The authors have 
examined health services data sources and population based data sources in 
separate sections. Each dataset is then examined and described in detail. The 
datasets usefulness in monitoring access to healthcare and the limitations and 
benefits of it are then discussed. For example, whether they are freely available, 
have data broken down by different socio-demographic groups, are repeated 
over time, or are at an aggregated level not individual data. Within the report six 
case studies were undertaken based on priority areas set out in the NHS Plan 
(Mental health of older people, Maternity and neo-natal care, Cancer, Coronary 
heart disease, Charging for NHS services, Transport and access to healthcare) 
and they examined to what extent existing data could be used to monitor access 
to these services. The report is a useful reference when identifying sources of 
data in stages 3 and 4. However new sources of routine data have since become 
available that are not covered in the report, and it does not include one-off small 
area population based studies such as SASH. 
2.1.5. Stage 5 
Once rates of need and provision have been calculated, according to various 
socio-demographic domains, the next stage is to compare them to see whether 
there is inequity in access to healthcare. Such comparisons need to be done at the 
small area level as estimates of need and/or service use is likely to vary 
geographically. For example, PCTs are now responsible for assessing the health 
needs of people in their local area, and ensuring the required services are 
available to, and can be accessed by, everyone who needs them 15. As such each 
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PCT requires estimates of need and provision according to various socio- 
demographic domains. The ability to estimate need and provision at such a level 
will be limited by the data available, and will also depend on the rarity of 
disease. For example, HES data is available at this geographical level, but data 
such as the Health Survey for England may be limited to a regional level as there 
would be too few counts at lower levels of geography and these are unlikely to 
be available to preserve patient confidentiality. Methods are therefore required 
to predict need in small areas using such data sources, and different methods 
have been developed such as those by Congdon 90 and Twigg et al 91. 
A number of tools have been developed to quantify social inequalities in health 
16, with the two most widely used indices of health inequality being the Relative 
Index of Inequality (RII) 92 and the Relative Concentration Index (RCI) 93. The 
association between the socioeconomic measure and the outcome of interest can 
be assessed using these measures. The RII and RCI are the most favoured 
measures as they specifically reflect the socioeconomic aspects of inequalities in 
health. They can be estimated after adjusting for other demographic factors, 
such as age and sex, along with a standard error to measure precision 93. These 
measures reflect health gradients where a positive value of the RCI represents a 
decline in health with decreasing socioeconomic status, and a negative value 
represents health improving as socioeconomic group decreases. 
Both the RII and RCI are useful for making comparisons about the magnitude of 
the association between socioeconomic measures and outcomes in different 
populations. For example, we could calculate a RII to measure the association 
between deprivation and need for hip replacement using small area survey data. 
Then we could compare this to an RII examining the association between 
deprivation and provision of hip replacement using routine hospital admissions 
data. Although the RII and RCI indices have predominantly been used to 
describe inequalities in health according to social class, income, education, 
deprivation etc, there is no reason why they cannot also be used for other 
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demographic measures such as age, gender and rurality, but the measure must 
be recorded as an ordered categorical variable. Hence they cannot be used to 
examine ethnicity, for example, unless it is categorised as White/Non-white 
groups. 
To construct the RII, the measure of socioeconomic position is first converted to a 
score between 0 (the hypothetically worst off) and 1 (best off). The score is 
weighted according to the size of the population in each socioeconomic group by 
calculating the mid point of the proportion of the population in each category. 
The RII is then obtained by regressing the socioeconomic score on the outcome. 
An RII greater than 1 indicates inequalities favouring the rich, i. e. poorer people 
having a greater need for hip replacement, whilst an RII less than 1 shows 
inequalities favouring the poor. In comparison, the RCI measures the extent to 
which health or illness is concentrated amongst particular socioeconomic groups. 
The RCI is derived from a Health Concentration curve, where the population is 
first ordered by social group status, and then the cumulative percent of the 
population according to social group rank is plotted against their share of total 
health. The RCI ranges from -1 disparities favouring the better off to +1 
disparities favouring the worse off. 
Examples of how the RII and RCI have been used to assess both inequalities, and 
inequities, in access to healthcare are given below. 
The relative index of inequality was used by Eachus et al 94 examining 
inequalities in hip disease. The authors wanted to determine the extent to which 
severity of hip disease was associated with various measures of socio-economic 
position. The relative index of inequality can be interpreted as the health 
differential between the hypothetical person at the bottom of the socioeconomic 
hierarchy and the hypothetical person at the top of the hierarchy. For this 
analysis, each category of a socioeconomic indicator was ranked by 
socioeconomic position, beginning with the richest. The cumulative proportion of 
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the population at the midpoint of each category was calculated to produce a 
score from 0 (richest) to 1 (poorest). This was regressed against age and sex 
standardised severity of hip disease to produce a coefficient that is the slope of 
the regression of a socioeconomic group's relative morbidity on its relative rank. 
The authors found that lower income and educational attainment were 
significantly associated with increasing severity of hip disease, but after 
standardising for age and sex, the gradient in the means for social class 
disappeared. There was no association between the severity of mean hip disease 
with ecological measures of socioeconomic position (material deprivation and 
urban or rural location). 
Lorant et al 95 used the RCI to examine inequity in access to both health care (as 
measured by contacts with a GP or Specialist), and preventative care (flu 
vaccination, cholesterol screening, mammography, cervical smear). The authors 
assumed that flu vaccination and cholesterol screening were mostly carried out 
in a general practice, whilst mammography and cervical smear were mainly 
executed in a specialty setting. The aim of the paper is to examine inequity 
according to socioeconomic status (SES), and a SES index was constructed based 
on both individual and household characteristics, using information on income, 
education, occupation and housing ownership. The study obtained information 
on both health needs and service use, according to SES group, from the Health 
Interview Survey carried out in Belgium in 1997. Need for healthcare according 
to SES was constructed after consideration for known risk factors and prevention 
guidelines. For example, need for cholesterol control was related to important 
risk factors for cardiovascular diseases: smoking, hypertension, heart disease, 
diabetes, age and sex. 
An RCI index was constructed to assess inequalities in both health 'needs' (index 
C) and 'use' (index C). The needs concentration represents the cumulative 
percentage of excess of needs (cumulative % of needs - cumulative % of the 
population) when population is ranked by increasing socioeconomic status. The 
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use concentration is the cumulative proportion of excess of care use (or 
preventive service) when population is ranked by increasing SES status. C. and 
C. range from -1 (need/use favouring the rich) to 1 (favours the poor). The 
extent of socioeconomic equity is then measured by the Health Inequity index 
devised by Wagstaff, Van Doorslaer, and Paci (Ill, index), which is the 
difference between unequal use (index C1) and unequal needs (index C) 96. 
Because the inequity index (III, ) is the difference between C. and C., it has a 
minimum value of -1 in the case of inequity favouring the poor (all health 
services are used only by the poorer, for equal needs) and a maximum value of 1 
for inequity favouring the rich (all health services are used only by the richer, for 
equal needs). 
The authors found that most concentration indices of needs were negative, 
indicating that needs are more prevalent in the lower SES groups. They found 
7% more needs of GP care in the lower SES groups when considering all health 
care, and 3% more needs looking specifically at preventive care. In the specialty 
setting, there was 4% more needs in the less well off for all health care, but no 
concentration of needs for preventive medicine. For concentration indices of 
health care use, in general practice there was greater use by the less well off for 
all health care and preventative care. However the reverse was observed in the 
specialty setting, where there is 4% more use of all health care, and 10% more use 
of preventive services in the higher SES groups. Using the 1f1,,,, p 
index, good 
evidence of inequity by SES was observed. There was Inequity of up to 3% 
favouring the higher SES groups in preventive services delivered in the general 
practice setting. Within the specialty setting, inequity is more marked, reaching 
9% of specialty care and 11% of all health care. 
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2.2. Evidence of interventions to reduce inequity 
For those indicator conditions identified using the conceptual framework where 
there is evidence of inequity, interventions need to be identified to address the 
problem. So we now need to look at what interventions are available and for 
which there is evidence that they make things fairer for the disadvantaged 
groups. 
One approach would be the use of national guidelines, providing a clear case 
definition of whether a patient has the disease, criteria of when and which 
patients to refer, and which treatments should be given. An example of this is 
the recently published evidence-based UK guidelines for the identification, 
management and referral of patients with chronic kidney disease (CKD) 97. 
Many patients with kidney disease have diabetes, hypertension or cardiovascular 
disease, so the guidelines were developed to be consistent with existing UK 
guidelines on the management of these conditions. Where existing guidelines on 
the management of CKD had been published for other countries, many were 
adopted as they were directly applicable to the UK, such as the American 
K/DOQI terminology and classification for CKD 98. 
The guidance states how to classify a patient to the 5 stages of CKD by estimating 
their Glomerular Filtration Rate (GFR). There are several ways to estimate GFR, 
and the guidance states the chosen method to do this, the Modification of Diet in 
Renal Disease (MDRD) formulae. As such there is a clear case definition of 
disease. According to which stage of CKD a patient is at, the guidance clearly 
outlines how the disease is to be managed and at what point they should be 
referred to a nephrologist. It also outlines patient groups that are at risk of 
developing CKD, as they have other conditions that are known to increase the 
risk of CKD, such as hypertension, diabetes, urinary diversion surgery and so on. 
However for such guidance to have the potential to address inequities in access 
to care it needs to be widely adopted. As the guidelines were jointly 
developed 
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with other groups involved. in the care of patients with CKD, such as the Royal 
College of General Practitioners (RCGP); the Association for Clinical Biochemists- 
(ACB), the Society for District General Hospital Nephrologists (SDGHN) and so 
on, they stand a greater. chance of being adopted in practice. .:. ,, ý- .' +s> r 
A systematic review by Arblaster et al 38,, which aimed , 
to, identify, interventions, 
health services can use to reduce inequalities in health, mention how a 
multifaceted approach in the intensive 'stepped care' of hypertensives 991 
involving specialist treatment combined with attempts to improve access to the 
service, demonstrated success in addressing inequalities in access to care. The 
Hypertension Detection and Follow-up Program is also cited by Ben-Shlomo et al 
17 as an example of a case study where medical care can help eradicate socio- 
economic differences in mortality by the appropriate management of 
hypertension 99. This was a RCT examining the effective management of 
hypertension. They compared routine care (referred care) to a protocol led 
guidelines approach (stepped care). In those who received referred care there 
was a two-fold mortality gradient based on whether the subject did or did not 
receive high school education, whereas those in the stepped care group showed 
almost non-existent gradients amongst both black and white subjects. 
'ßiÄ '). V: l ' 1' +, _ ra .' , "s __ 
. ý- - ., i 
Ben-Shlomo et al 17 32 also cite a large prospective study of patients undergoing 
angiography in London, which highlights the potential benefits of implementing i. a. 
consensus treatment guidelines 100. A nine member expert panel rated the' 
appropriateness of revascularization, compared to receiving medical treatment, 
for a wide variety of clinical scenarios. Patients of non-white ethnicity, who were 
regarded as appropriate for either angioplasty of bypass grafting, were less likely 
to be given revascularisation than white patients. Had black patients been 
managed using the consensus panel they would have been more likely to receive 
surgical treatment and had a better prognosis. 
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A recent publication by Tugwell et al 101 took this a step further by developing a 
conceptual framework called the 'equity effectiveness loop'. The idea is to assess 
the effectiveness of an intervention, and examine whether this differs between 
rich and poor groups. If it does differ then there is inequity. 
Figure 2.1. Equity effectiveness loop (Source: Tugwell et al 101) 
Borden of Illness and aetiology 
Determine health status by 
socioeconomic status: 
Measure health gap 
Causes of health gap 
Step 6: 6: Reassessment 
5. Monitoring of programme 
Ongoing monitoring of process 
indicators to gauge implementation 
progress by socioeconomic status 
4. Knowledge translation and 
Implementation 
Integration of feasibility, impact, 
and efficiency to make 
decisions using targeted 
packaging and communication 
by socioeconomic status 
2. Equity effectiveness 
Efficacy modified by access/ 
coverage x diagnostic accuracy 
x provider and patient adherence 
by socioeconomic status 
3. Economic evaluation 
Determine relationships between 
costs and effects of options by 
socioeconomic status 
The research paper focuses on gradients in wealth, to look at the gap in health 
between the richest and poorest groups. It does this by calculating an equity 
effectiveness ratio, which measures how much more likely the 'rich' are to 
benefit from an intervention compared to the 'poor'. The authors have 
developed a conceptual framework to evaluate interventions that can reduce the 
health gap between rich and poor, developing previous work by Arblaster et al. 
, 18. Focusing on wealth is a sensible approach, as several commentators state that 
the best way to tackle inequalities in health is by increasing the wealth of the 
poorest in society 17 and in this article they focus on the health gap between 
richest and poorest. However the framework can be used to look at the gap 
across other socio-demographic domains. 
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The conceptual approach is to estimate how effective the intervention is in both 
rich and poor groups, then modify this estimate of effectiveness by access, 
diagnostic accuracy, provider compliance, and, consumer adherence. As each 
factor is taken into account you get a 'staircase effect' where the effectiveness of 
the intervention falls. You are then left with actual real life, or true, effectiveness 
in both rich and poor groups. Then the difference between the groups is 
calculated using the equity effectiveness ratio. 
The economic evaluation is determining the cost effectiveness of the intervention, 
but it is saying that you can't just go with the most effective, you must instead 
consider whether this applies to both groups (rich and poor) equally or you will 
get inequity. Knowledge translation is about taking real action to tackle the 
cause of inequity highlighted in the framework, and targeting poor groups in 
particular is advised to close the gap between rich and poor. 
2.3. Choosing indicator conditions using the conceptual framework 
Looking at the conditions identified in stage 1, it is clear that what is important 
differs according to whether you are looking at cost, hospital admissions, GP 
consultations or mortality. The conditions are broad and cover a range of 
potential interventions and treatment options. Some of the indicators identified, 
such as 'general symptoms and signs' cannot be audited and so have to be 
immediately discarded as a potential equity indicator. For each of the conditions 
identified in stage 1, the idea is to work through the following stages of the 
conceptual framework. At each stage a potential indicator may be dropped, if 
there is no evidence of clinical effectiveness, or routine data is not available to 
measure need and provision. Those remaining at the end are potential equity 
indicators. 
We have selected some of the conditions identified in table 2.1, and used them as 
examples of why conditions may be dropped at each stage: 
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Dementia - We have identified dementia as being an important equity indicator 
due to its high mortality rate, and the government considers mental health one of 
its key priority areas in the NHS plan 28. NICE is currently developing 
guidelines for the treatment and care of people with dementia 102 and states how 
it is a progressive and largely irreversible clinical syndrome, characterised by a 
widespread impairment of mental function, with some or all of the following 
features: memory loss, language impairment, disorientation, change in 
personality, difficulties with activities of daily living, self neglect. psychiatric 
symptoms and behaviour which is out of character. 
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Figure 2.2. Stages in selecting an appropriate equity indicator. 
Use routine data sources to consider health domains: 
" Mortality 
" Morbidity (primary care) 
Stage 1" Morbidity (secondary care) 
  Cost 
Indicator should have the following attributes: 
  Makes an important contribution to public 
health? 
" Has a substantial impact on NHS 
" Consumes a large amount of NHS resources 
Stage 2 
Examine evidence of clinical effectiveness 
Stage 3 
Determine the need (population requirement) for 
medical care in the general population 
Stage 4 
Determine the provision of medical care at different 
stages of accessing care 
1 
Identify indicators important to stakeholders: 
" Funding bodies (Department of Health, Cancer 
Research UK, British Heart Foundation) 
  Health planners/decision makers (PCTs) 
  Regional bodies (Public Health Observatories) 
  Providers of medical care (Surgeons, consultants, 
general practitioners) 
" Perception of general public 
Explore available resources such as: 
  National Institute of Clinical Excellence (NICE) 
f  Health Technology Assessment (HTA) 
  Cochrane Library 
  BMJ clinical effectiveness 
Are population-based surveys available to estimate 
need for healthcare according to various socio- 
4_ demographic domains (age, gender, ethnicity, social 
class etc) 
Health Survey for England 
Is routine data available to measure provision of 
medical care, by various socio-demographic domains, 
along the pathway to accessing care, such as in 
primary or secondary care 
General Practice Research Database (GPRD) 
  Hospital Episode Statistics (HES) 
Indicators remaining at this stage form a list of potential equity indicators 
Stage 5 
Examine evidence of inequity in access to care, by 
comparing measures of need and provision 
  Evidence of inequity is required at the small area 
level for data to be useful to healthcare planners 
ý- " Methods are required to determine evidence of 
inequity 
- Relative Index of Inequality (RII) 
- Relative Concentration Index (RCI) 
Evidence of the clinical effectiveness of some interventions to treat dementia is 
found on the BMJs Clinical Effectiveness website (Table 2.2). The NICE guidance 
draws on the best available evidence for the treatment and care of people with 
dementia. However, they found some significant limitations to the current 
evidence base, which include the limited data on the differential responses of 
individuals to specific treatments, the long-term benefits of both pharmacological 
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and psychosocial interventions, and limited data on quality of life and social 
functioning for all interventions. 
Therefore due to the limited evidence of clinical effectiveness of interventions for 
Dementia, it is excluded as a potential equity indicator at stage 2. In terms of 
monitoring inequity, if we are unclear as to the effectiveness of an intervention, 
we do not know if more or less provision is required. 
Radical prostatectomy - Prostate cancer is one of the most common causes of male 
cancer deaths, and radical prostatectomy is a common treatment choice. 
However reviewing BMJ Clinical Effectiveness, there is limited evidence of 
effective treatments for prostate cancer (Table 2.2). In our review of BMJ Clinical 
Effectiveness, we have only included interventions that show benefit, or likely 
benefit for table 2.2. Radical prostatectomy and watchful waiting (for early 
prostate cancer) are both listed as a trade off between benefit and harms. 
Comparing radical prostatectomy to watchful waiting, one large RCT found that 
radical prostatectomy reduced death from prostate cancer, overall mortality and 
metastases at 8.2 years 103, but another RCT found more men managed by radical 
prostatectomy had erectile dysfunction and urinary leakage, with no difference 
in quality of life 104. There is clearly limited evidence of clinical effective such 
that the indicator could be dropped. However there is also no data currently 
available on population need for surgery, so radical prostatectomy is excluded as 
an indicator. 
Neurotic disorders, personality disorders and other nonpsycliotic mental disorders - An 
example of this would be Cognitive Behavioural Therapy (CBT) as a treatment 
for mild to moderate depression. Looking at the BMJ Clinical Effectiveness 
website, there is good evidence that the treatment is effective (Table 2.2). Data on 
need is available from the British Psychiatric Morbidity Survey 1D5, however there 
is no available data on provision, so the indicator is excluded at that stage. 
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Arthropathies and related disorders - There is good evidence of the clinical 
effectiveness of hip or knee replacement surgery for the treatment of 
osteoarthritis (Table 2.2). Data is available on need from population-based cross- 
sectional surveys such as the Somerset and Avon Survey for Health 58 87, and 
data on provision is available from the Hospital Episode Statistics (HES) 
database. Therefore hip or knee replacement is a potential equity indicator. 
We have therefore chosen total hip and knee replacement as a potential equity 
indicator, and will now use this as an exemplar to develop methods to see 
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CHAPTER 3. SYSTEMATIC REVIEW OF STUDIES 
INVESTIGATING EQUITY IN ACCESS TO 
HEALTHCARE FOR TOTAL HIP REPLACEMENT 
(THR) AND TOTAL KNEE REPLACEMENT 
(TKR) 
The aim of this systematic review is to identify studies that have examined 
equity in access to healthcare for total joint replacement of the hip and knee. The 
resulting articles will form the basis of a review of the literature in this area, 
summarising the work that has already been undertaken, the strengths and 
weaknesses of existing research, and what requirement there is for future 
research. 
3.1. Methodology 
On the 16th December 2005 an electronic search of the Medline database was 
conducted using combinations and synonyms of the following MeSH Headings 
and keywords: 
- Total joint replacement terms: 
exp Arthroplasty, Replacement, Knee 
exp Hip Joint 
exp Knee Prosthesis 
exp Knee joint 
exp Hip Prosthesis 
exp Arthroplasty, Replacement, Hip 
exp OSTEOARTHRITIS, HIP 
exp OSTEOARTHRITIS, KNEE 
- Access to healthcare, inequity/ inequalities 
exp Health Services Accessibility 
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exp "Health Services Needs and Demand" 
exp Social Justice 
exp Socioeconomic Factors 
exp Health Care Reform 
exp "Delivery of Health Care" 
exp Health Planning 
exp Health Policy 
exp Social Class 
exp ETHNIC GROUPS 
exp Minority Groups 
Health Services 
DEMOGRAPHY 
(equalit$ or inequalit$ or equit$ or inequit$). tw. 
The search was limited to Human and English Language studies. The references 
were imported into a Reference Manager database, and after removing 
duplicates the Medline search identified 1329 references. 
3.2. Obtaining abstracts for articles with no abstract in the 
reference manager database 
272 of the 1329 references imported from Medline had no abstract. If the journal 
type was not listed as a 'journal article' references with no abstract were 
excluded: case reports (20); comment (58); editorial (10); legal cases (2); letter (13); 
news (9); review (15). Of the remainder (145) that were classified as a journal 
article, the electronic journals list at the University of Bristol was searched, and if 
the journal was listed, an abstract sought and imported into reference manager. 
If the journal was not on the electronic journals list, a Google search was 
performed to look for the journals homepage, and if found, an abstract sought. 
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A further 77 abstracts were found. Some articles had the full text only (8), so the 
first couple of paragraphs were inserted instead. 
This leaves 68 articles with no abstract available, either because: 
- Abstracts are not available online 
- Abstracts were unavailable online due to the age of the article 
- Article is full text only, so unavailable online 
- Subscription is required to access article 
- Not available on electronic journals list 
Of the remaining articles with no abstract, a further 25 references were then 
excluded based on the journal name alone. Below is a list of the 17 journal 
names: 
- Business & Health 
- Health News 
- Hospital Food & Nutrition Focus 
- Hospital Materials Management 
- Journal of Gerontological Nursing 
- Journal of Healthcare Resource Management 
- Journal of Post Anesthesia Nursing 
- Materials Management in Health Care 
- National Report on Subacute Care 
- Nursing 
- Nursing New Zealand (Wellington) 
- ONA Journal 
- Or Manager 
- Profiles in Healthcare Marketing 
- Reconstruction Surgery & Traumatology 
- Rehab Management 
- Tropical & Geographical Medicine 
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26 articles could be excluded based on the title alone, leaving 17 articles to be 
found with no abstract. 
3.3. Excluding articles based on abstract 
In the first phase, each reference has been assessed for relevance based on the 
abstract. The aim at this stage was to take an inclusive approach and include any 
article that potentially examined inequalities in either the need for, or provision 
of, hip and knee replacement surgery, as well as those examining inequity in 
access to surgery. A coding system was developed to explain why references 
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3.4. Examining articles included based on abstract alone 
Having read through abstracts of the articles imported into the reference 
manager database, 97 are currently included in the systematic review. Full text 
copies of the articles need to be obtained. 
PDF copies were available online through the electronic journals list at the 
University of Bristol for 66 articles. Paper copies of 15 articles were obtained 
through the University of Bristol library catalogue, leaving 16 to be sourced 
using Inter-Library-Loans. 
In this second phase an inclusion criteria has been developed to decide whether 
to include articles based on the full research paper (Appendix 3.1). 37 papers 
were included as they met one or more of the following criteria: describe 
inequalities in the need for (4), inequalities in the provision of (19), or equity in 
access to (14), hip and knee replacement surgery. The aim was to be inclusive, 
and all articles meeting these simple criteria were included. Articles have 
therefore been classified into the following categories: 
- Inequalities (Need Only) 
- Inequalities (Provision Only) 
- Inequity 
For articles included in this second stage a data extraction form was created 
(Appendix 3.2). Each article was examined again, and key information about the 
study design, statistical methods used, limitations, and main results were 
obtained, as summarised in tables 3.2,3.3 and 3.4. The information collected 
forms the basis of the following literature review, which is done separately for 
articles looking at inequalities in need, inequalities in provision, and equity. 
Findings of the work undertaken in this area are summarised, and the strengths 
and limitations of research in this area discussed. 
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3.5. Limitations of the systematic review 
The systematic review described in this chapter has been conducted by one 
person alone (Andrew Judge). Hence the choice of MeSH headings and 
keywords for the Medlin search, the coding system developed to explain why 
abstracts were excluded in the first phase, the inclusion criteria developed in the 
second phase to decide on which full papers to include, the data extraction 
forms, and the data extracted from the full papers included, were all done by a 
single reviewer. This is a limitation of the systematic review and was in part due 
to this being done as part of a PhD thesis with no resources available for a second 
reviewer. Ideally, a second independent reviewer would have been used, to go 
through a sample of the titles and abstracts in the first phase, and the full papers 
identified in the second phase, to ensure consistency between reviewers in the 
abstracts included/excluded. Where discrepancies occurred, this would be 
discussed, and a final decision made on whether to include the paper. 
A further limitation is that only one electronic database was searched (Medline). 
Ideally other electronic, databases would be searched such as EMBASE or ISI 
Web of Science, the grey literature would be searched to identify unpublished 
papers (for example, British Library INSIDE conference proceedings, Dissertation 
abstracts, ISI technical, proceedings), the reference lists of papers included in the 
review would be searched for further relevant articles missed by the electronic 
search, and particularly relevant journals would be hand searched. 
Finally, the aim of this chapter was to conduct a systematic 'review of the 
literature', in an attempt to identify all relevant studies exploring inequalities in 
the need for, provision of, or equity in access to, hip and knee replacement 
surgery, in a systematic and unbiased way. There is no intention to combine the 
results of studies included in the review as part of a meta-analysis, and instead 
any heterogeneity in the findings of selected studies is explored and discussed in 
the literature review. 
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Figure 3.1. Quorom statement 
5 
Searches run in electronic Medline bibliographic 
database: 
Total hits 1329 
Duplicates removed 
Total uploaded to reference manager 
Total N -1329 
Number of abstracts available to review: 
Total N- 1134 
Tales and abstracts possibly relevant 
Total N=97 
Papers Included: 
Inequalities need only 4 
Inequalities provision only 19 
Inequity 14 
For articles with no abstract: 
Exclude as not'Joumal Article' (127) 
Abstract obtained 69 
Full text article obtained 8 
Exclude Journal name (25) 
Exclude title of article (26) 
Abstract unavailable (17) 
Total N" 272 
Tiles and abstracts which were very 
unlikely to be relevant, excluded: 
Exclude based pn abstract: 
Provision 359 
Indication 249 
Provision different 80 
Best practice /standards 74 
Cost 72 
Risk of indication 42 
Previous Indication 24 
Education 20 
Exercise 20 
Measuring disease severity 16 
Case reports 12 
Nursing Issues 10 
Other 59 
Total N -1037 
Papers not relevant: 
N 44 
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3.6. Studies examining inequality in the provision of joint 
replacement 
Within the systematic review 19 studies were identified that examined 
inequalities in the provision of total joint replacement of the hip and knee. These 
studies are examining patients that have received a joint replacement in hospital 
in a secondary care setting, and are looking at whether there are differences in 
levels of provision according to various socio-demographic groups. A paper by 
Merx et al summarised crude overall rates of hip replacement in developed 
countries 106, which since 1990 ranged between 100 and 125 per 100,000 in 
Norway, Iceland, Sweden and the Netherlands, whereas for England, Australia 
and western Scotland it ranged between 65 and 90 per 100,000. Overall rates of 
provision of hip and knee replacement surgery, will vary according to the socio- 
demographic characteristics of an individual or area, for example in the English 
study by Dixon et al 14, in 2000 the lowest rates of primary hip replacement are in 
those aged <35 (1.5 per 100,000 in men, 1.9 per 100,000 women) with the highest 
rates in those aged 80-84 (291.2 per 100,000 in men, 412.2 per 100,000 in women). 
Below we will summarise the findings of these studies according to various 
socio-demographic groups: 
3.6.1. Total Hip Replacement 
Age 
Studies have shown that incidence rates of hip replacement and hip arthroplasty 
increase with age up to around age 80 years old. Rates begin to decrease in those 
aged 80-84, then fall dramatically in people aged 85 years and over 14107108109 110 
111 112 113 114. Studies investigating the prevalence of hip replacement "I and hip 
implants 116 also demonstrate rates increase with age. The effect of age has been 
shown to be consistent in both men and women 14110112 and in all ethnic groups 
111. However one study by Melzer et al of a deceased cohort of US subjects aged 
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65 years or over found age did not influence the likelihood of having previously 
had a hip replacement 117 
There were some differences between studies as to the age at which incidence 
rates declined. A study in Northern Ireland 109 and a US Medicare sample by 
Baron et al 110 suggesting rates increased up to age 84. A study by Dixon et al 
using hospital admissions data for England found in men hip replacement rates 
increased up to age 80-84, whilst in women it was only up to age 75-79, before 
rates fell 14. 
Sex 
The majority of research on joint replacement focuses on older patients, with a 
number of studies finding that the women aged 65 years or over receive higher 
rates of hip replacement than men do 117 107 110 115 112 113 116. However the study by 
Dixon et al examining younger patients found rates were similar in both men 
and women up to age 45-49, whilst after age 50 incidence of THR was greater in 
women with the gender gap increasing with age 14. 
Some studies have explored whether the effect of gender differs in urban and 
rural areas. A study in Northern Ireland by Willis et al found that after 
standardising for age there was no gender effect 109. However there was 
evidence that in urban areas women receive higher rates of hip replacement than 
men, with the opposite seen in rural areas where men receive greater provision 
of hip replacement. However this finding was not new having previously been 
observed in a study in West Scotland by Dunsmuir et al 118. Hoaglund et al 
explored whether the effect of gender varies across ethnic groups, finding that 
women receive greater rates of hip replacement than men except among the 
Black and Hispanic populations 111. 
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One study by Oishi et al of eight Hawaiian hospitals found no difference in hip 
replacement rates between men and women, and that this was consistent across 
all ethnic groups 119. 
Socio-economic status 
Studies that have explored the effects of socio-economic status demonstrate that 
it is the richer better-educated people who receive greater provision of hip 
replacement. Dixon et al found that in England, hip replacements rates were 
lower in the most deprived fifth of the population, finding a gradient of 
increasing rates with decreasing deprivation 14. Melzer et al found that 
decedents aged 65 years or over with a college education were more likely to 
have received a hip replacement during their lifetime 117. An ecological study by 
Majeed et al found that Primary care Groups (PCGs) in London with higher 
SMRs had lower hip replacement rates 120. 
The opposite was seen in a US study by Sharkness et al who found that the 
prevalence of hip implants was actually greater in those whose income was 
below the poverty line, and in those with a high school education, although these 
differences no longer persisted after adjustment for age 116 
Ethnicity 
Only studies from the US have examined whether there are racial differences in 
the provision of hip replacement. All studies found that White Americans were 
most likely to receive hip replacement 117 119 110 111116. Oishi et al 
found that in 
Hawaii the effect of race varied with age 119. In men and women aged less than 
50 hip replacement rates were similar in all ethnic groups. However over age 50 
White men and women had the highest rates of hip replacement, followed by 
Chinese, Filipino, Hawaiian and then Japanese. The effect of race, where White 
Americans get more hip operations, was also demonstrated in San Francisco and 
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found to be similar in men and women and between each age group 111. Note 
that in the UK we use the term 'ethnicity' whilst in the US they use 'race' 16. 
Rurality 
Of three studies examining how rurality affects provision of hip replacement, all 
found that rates were higher in people living in more rural areas 109118116" This 
rurality effect was the same in males and females 109. 
Geography 
Several studies have demonstrated geographical variation in hip replacement 
provision 120 114 117 107 119 115 113. Of the English studies, Majeed et al found hip 
replacement rates varied more than 4-fold across 66 PCGs in London 120. 
Rajaratnam et al showed rates varied by district with residents of inner London 
and Shire districts having greater rates than the region as a whole, whilst 
residents of outer London had lower rates 114. This variation was greater in the 
older age groups. A study of Canadian hospital admissions for hip replacement 
found age adjusted rates in Nova Scotia, Alberta, Saskatchewan and Ontario 
were significantly above the national average, whilst rates in Newfoundland and 
Quebec were significantly below 107. 
3.6.2. Total Knee Replacement 
Age 
The effect of age on the provision of knee replacement is similar to that of hips, 
where studies have shown that in both men and women rates of primary TKR 
increase with age up to age 70-79, then drop at age 80-84, before falling sharply in 
those 85 years or older 14107121. 
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Sex 
Women have been found to receive higher rates of knee replacements than males 
14 107 in. However this is modified by age, where there is no gender effect up till 
age 40-49. From age 50-84 women receive more knee replacement than men, but 
then in those aged 85+ there is no longer a gender difference 107 and men have 
slightly higher levels of provision 14. The effect of gender on knee replacement 
rates varies according to ethnicity, where the difference between African 
American men and women is greater than that between White American men 
and women 121. 
Socio-economic status 
Only one study was found examining the effect of deprivation on knee 
replacement utilization. As for hip replacement, Dixon et al find knee 
replacement rates are lower in the most deprived fifth of population, where a 
gradient of increasing rates with decreasing deprivation could be seen from the 
most to the least deprived areas in both sexes 14. 
Ethnicity 
A US study of knee arthroplasty by Skinner et al 122showed that among women 
rates were higher for Whites than for Hispanics and Blacks. This gap was more 
pronounced among men. The difference in rates between Black and White men 
was consistent across hospital referral regions, although this was not observed 
for women, where in half of referral regions rates were significantly lower for 
Black women, and there was no evidence of a difference in the other half, 
suggesting geographical variation in the effect of race on knee arthroplasty rates. 
Regional variation was also observed in the difference in rates between 
Hispanics and Whites for both men and women. Living in regions of higher 
income diminished the difference in rates between Black and White men. 
However, Hispanic women in high-income areas receive higher rates of 
arthroplasty than non-Hispanic, but the opposite is seen in low-income areas. 
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Katz et al 121 found that knee replacement procedures were performed on more 
White men than African American, and that the racial difference was smaller 
between women (as found by Skinner et al). Racial differences increased with 
age and varied by region: in Boston and Seattle whites where only 15% more 
likely to have a knee replacement, whilst at the other extreme, in Chicago, Dallas 
and Kansas they were twice as likely. 
Geography 
Geographical variations in the provision of knee replacement have been 
demonstrated in Canada and the US. One Canadian study found age adjusted 
knee replacement rates in Nova Scotia, Saskatchewan, Manitoba and Ontario 
were significantly above the national average, whilst rates in British Columbia, 
Newfoundland and Quebec were lower 107. In 49 counties of Ontario, 8 counties 
in South Western Ontario had knee replacement rates significantly above the 
provincial average, two counties were below the average, and the remainder 
demonstrated no difference 123. The US study by Katz et al 121 observed regional 
differences with the lowest rates in New York and the highest rates in Denver 
and Seattle. 
3.6.3. Limitations of this research 
One of the first limitations of current research examining inequalities in the 
provision of joint replacement, is in defining an eligibility criteria as to which 
joint replacements should be included in the analysis. Most studies have 
included all joint replacements 122 117 106 107 120 119 123 121111112 114, whilst others 
exclude operations performed due to diagnoses such as fracture of the hip or 
femur, rheumatoid arthritis, hip infection, cancer diagnoses, or only include 
operations for osteoarthritis 108 109 118 110 115 113. A number of studies restrict 
analyses to primary operations only, and different age groups. 
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Whilst the evidence of inequalities found in the studies above is fairly consistent, 
use of different inclusion criteria may explain some of the differences in results 
such as a gender difference only being apparent in those aged over 50. Patients 
requiring a hip replacement due to fracture will clearly be different to those with 
osteoarthritis. The choice of which patients to include will depend on the 
research question, and limitations of the data whether it be too few subjects aged 
less than 50 or lack of information in routine datasets to be able to exclude 
fractures. In US studies using Medicare datasets, everyone aged over 65 years of 
age is eligible for Medicare, so by restricting analysis to these patients, it means 
that not being able to afford an operation, or not having health insurance, should 
not influence the results. 
Use of routine datasets may mean that private operations are not included, such 
as in the English hospital admissions datasets 14120. However in terms of the 
deprivation effect, Dixon et al argue that patients treated in private hospitals are 
more likely to be from the least deprived areas, such that the deprivation effect 
may be more severe than currently demonstrated. Use of routine data is also an 
issue in terms of the completeness and accuracy of data that was collected for 
administrative rather than research purposes, and importantly it may contain 
incomplete or inaccurate diagnostic and operation coding 120109. 
Some studies only examine specific socio-demographic domains, such as age 
alone 108, or only report results of univariable analyses. The statistical methods 
used in a number of studies is also weak such as only looking at correlations 
between utilization rates and demographic factors 123. Ideally studies should 
consider the effect of all socio-demographic domains together as part of a 
multivariable analysis to examine the impact of confounding and effect 
modification on the estimates of joint replacement rates. A related issue is that 
where studies have considered several socio-demographic factors in a 
multivariable model, they only report results for their main exposure of interest 
such as race. 
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The main limitation of all these studies is that they only examine inequalities in 
the provision of joint replacement. They need to consider whether provision of 
healthcare matches need across these different socio-demographic groups in 
order to determine whether it is equitable. Equality in the provision of joint 
replacement between different groups of patients does not mean the healthcare 
system is free from bias, if one group actually needs twice as many operations as 
the other but only gets the same level of provision. It is also unclear who is 
getting the appropriate level of healthcare. Thinking about deprivation, are 
better off people over-provided, or are they receiving the correct amount of joint 
replacement? 
In our analyses of provision data using the English hospital Episode Statistics 
(HES) database, we will aim to minimize limitations observed in the existing 
literature by doing the following: 
- Only include primary joint replacements 
- Exclude patients with any diagnosis of cancer or trauma 
- Exclude fractures 
- Include patients aged 50 years and over (as few patients aged less than 50 
receive joint replacement, and the ELSA data used to estimate need for 
surgery only includes those aged 50 years or over) 
- We cannot overcome the limitation of including only NHS patients with 
this dataset. 
- Consider all socio-demographic domains in a multivariable regression 
analysis, and in addition examine the impact of hospital level factors. 
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3.7. Studies examining inequalities in the need for joint 
replacement 
3.7.1. Early study by Wilcock in 1979 
One of the earliest studies to estimate the population requirement for hip 
replacement was published by Wilcock in 1979 124. Unlike previous studies, this 
was the first to actually relate the severity of symptoms to need for surgery. It 
was a population based cross sectional survey of people aged 65 and over in 
Oxfordshire. For people reporting mobility problems, two scoring systems were 
used to identify people in need of hip replacement: an index of activities of daily 
living, and Charnleys modification of the hip function index by Merle D'Aubigne 
125. The scoring system was applied to patients in the study who were waiting 
for a hip replacement to determine the minimum criteria for an operation. As 
persons with symptoms of the knee could potentially be cases for arthritis of the 
hip, the prevalence of knee osteoarthrosis was also determined. Patients were 
excluded if they were previously diagnosed with rheumatoid arthritis, to get an 
approximate idea of the prevalence of osteoarthrosis, as this is the commonest 
form of arthritis in the elderly. Within this study, for patients identified as being 
in need of hip replacement, they determined wherever they had received an 
operation, and if not whether surgery was appropriate (fit for surgery). 
Of the 828 people in the study 46 (5.6%) [34 women, 12 men] were identified as 
being in need of hip replacement, with 80 (9.7%) in need of knee replacement. 
For the hips, 6 (0.7%) had already had an operation and 2 were on the waiting 
list. 24 (2.9%) had symptoms severe enough to indicate surgery, but surgery was 
considered inappropriate in 20. 
Estimates of prevalence were comparable to previous studies, with variation in 
different prevalence estimates between studies attributed to the different criteria 
used to identify people in need of surgery. Unlike previous studies, the author 
determined whether those identified as being in need of surgery, had already 
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received an operation, or were considered unfit for surgery. However, this is a 
small study where the main aim is to estimate the overall prevalence of people in 
need of hip and knee replacement. As reported in this and previous studies, 
different methods used to identify people in need will lead to different estimates 
of prevalence. Other socio-demographic domains were not explored. 
3.7.2. Population based studies estimating population requirement for 
joint replacement 
A number of population-based studies have been conducted recently to 
determine need for hip and knee replacement. Within England there are three 
studies from North Yorkshire 126 63, Somerset and Avon 58 87 and Wiltshire and 
Sheffield 18 64. The only other study identified was by Hawker et al in two areas 
of high and low utilization of joint arthroplasty (Oxford County and East York) 
in Ontario, Canada 127128. Information collected within these studies can be used 
to examine whether there are inequities in access to care, by relating need to 
provision of services, and to some extent work from these studies have 
attempted to address this issue. Within this section we will just describe their 
estimates of need for joint replacement, according to various socio-demographic 
domains, then later describe further published work examining inequity. 
North Yorkshire study 
Population based studies were conducted in North Yorkshire by Tennant et al 63 
and Fear et al 126. The study aimed to determine the need for hip and knee 
arthroplasty in those aged 55 years or over. People in need of hip or knee 
arthroplasty were determined using the index of severity of ostcoarthritis of the 
hips and knees developed by Lequesne 129 using postal questionnaires. A cut-off 
of 14 points was used to indicate need for joint arthroplasty, and patients likely 
to be unfit for surgery were excluded: those with known central nervous system 
disorders such as Parkinson's disease and stroke, those with heart disease, 
dementia, and body mass index above 32. 
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They estimated that 13.5/1000 people aged 55 years or over (95%CI 12.4-14.7) 
had pain and disability consistent with consideration for hip arthroplasty. 20.4 
per 1000 could benefit from knee arthroplasty. For both hip and knee 
arthroplasty a clear age-specific trend was shown with higher rates in those aged 
75 years and over. The estimated rate for females was nearly twice that of males. 
Somerset and Avon Survey of Health (SASH) 
Another study (conducted around the same time as the North Yorkshire study) 
was the Somerset and Avon Survey of Health (SASH)8758. This was a 
population-based cross-sectional study aiming to determine the population 
requirement for hip and knee joint replacement in people aged 35 and over. 
People in need of surgery were identified using the New Zealand Score criteria 
130. A primary cut-off of >_ 55/100 was used identify those in need. Screening 
questionnaires were mailed to identify people with hip or knee pain, who were 
then invited for further assessment at either a clinic or at home, and a full clinical 
examination of the hip and knee was conducted. If clinically significant hip or 
knee disease was discovered at the clinic, radiographs of the joints were 
obtained. The number of people potentially requiring surgery was modified to 
exclude: those who were unfit for surgery (chest tightness, wheeze, 
breathlessness, chest pain, or palpitations many times a day); those who had not 
had an adequate trial of medical therapy; and those who were unwilling to 
undergo surgery if offered. 
They found an estimated prevalence of knee disease requiring knee replacement 
of 27.4/1000 aged 35 years and over (95%CI 24.7-30.1). The overall prevalence of 
need for hip replacement was 15.2/1000 (95%CI 12.7-17.8). Need for knee 
replacement increased with age. Need was greater in men from ages 35-54, but 
from age 55 onwards need was greater in women, the gap growing wider as age 
increased. The paper on hip replacement only presented need by gender 
showing need was greater in women than men. 
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Wiltshire and Sheffield 
The Wiltshire and Sheffield studies 18 64 used the same methodological approach 
as those conducted in North Yorkshire, however they estimated need according 
to further socio-demographic domains. This was a cross sectional population 
prevalence survey to assess the need for hip and knee joint replacement for 
people aged 65 or over living in the Wiltshire and Sheffield Health Authorities. 
Self-completed postal questionnaires were used. Need for hip and knee 
replacement was determined by an adapted version of the index of severity of 
osteoarthritis of the knee, developed by Lequesne et al 129. The same thresholds 
were used as in the North Yorkshire study to select people with disease severe 
enough to warrant surgery. People with co-morbidities that would preclude 
them from surgery were excluded (Parkinson's disease, angina or heart disease, 
stroke, heart attack, severe bronchitis, severe asthma, obesity). Socio- 
demographic factors considered were age, sex, socio-economic disadvantage (in 
receipt of at least one means tested welfare benefit) and rurality (Clokes Index). 
Among those aged 65 and above the proportion of subjects in need of knee 
replacement was 51/1000 (95%CI 46-56). The proportion in need of hip 
replacement was 34/1000 (95%CI 30-38). For both hip and knee replacement 
older people had greater need, women were twice as likely to need joint 
replacement, poor people were more likely to be in need, but there was no effect 
of rurality. 
Assessment of need in Ontario, Canada 
A study was conducted in two areas of Ontario Canada 127128, an area of high 
utilization of joint arthroplasty (Oxford County), and a low utilization area (East 
York). This is a cross-sectional population prevalence survey to estimate need 
for joint arthroplasty in people aged 55-years or over living in Ontario, Canada. 
Need was assessed using the Western Ontario and MacMaster Universities 
Osteoarthritis Index (WOMAC) using a cut-off a 39/100 to determine need for 
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joint arthroplasty. In phase Ia questionnaire was sent to residents of the two 
areas asking about the presence of symptomatic joints. Respondents were 
invited to complete a phase II questionnaire if they had moderately severe hip or 
knee problems. In phase III a random sample of people in need of joint 
arthroplasty was selected to calculate the proportion with radiographically and 
clinically confirmed hip or knee arthritis to modify estimates of need for surgery. 
People were excluded if they had contra-indications for surgery (major mental 
illness, stroke with paralysis, or another major neurologic disorder). Potential 
need for arthroplasty was 28.5/1000 in the low rate area and 36.2/1000 in the 
high rate area. Need for arthroplasty was associated with less education and 
lower income, and need increased with age 128. Women had twice the need 
compared to men, however this varies according to SES, where there were no 
differences between men and women with low SES, but in people with high SES, 
women had greater need than men 127. 
3.7.3. Summary of studies assessing inequalities in need for joint 
replacement 
The value of the above studies is that they have assessed the population 
requirement for joint replacement in the general population. This captures all 
people in need of joint replacement, regardless of whether or not an individual 
has sought care from health services. All studies found that need for joint 
replacement increased with age 126 63 87 18 64 128. Need was found to be greater in 
women than men 126 63 87 58 18 64 128, although the effect was modified by age and 
SES 127. The SASH study found that need was greater in men from ages 35-54, 
but from age 55 onwards need was greater in women 58. The Canadian study 
demonstrated that there was no difference in need between men and women 
with low SES, but in people with high SES, women had greater need than men 
127 
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Only the Wiltshire and Sheffield, and Canadian studies examined further socio- 
demographic factors beyond that of age and sex 18 64 128. Need for joint 
replacement was associated with lower levels of education, income and receipt of 
welfare benefits. This goes against what is known about provision where it is the 
better off people who receive greater levels of provision, suggesting potential 
inequities. The Wiltshire and Sheffield studies found no evidence that need 
varies according to whether people live in urban and rural areas. Although the 
Canadian study measured other variables of body mass index and race, no 
estimates of need were presented. 
3.7.4. Limitations 
The studies above use different ways of assessing severity of joint disease, such 
as the Index of Severity of Osteoarthritis developed by Lequesne 129, New 
Zealand Score criteria 130, and Western Ontario and MacMaster Universities 
Osteoarthritis Index (WOMAC) 131. Other methods could also be used such as 
the National Institutes of Health (NIH) method 132, Oxford Hip Score (OHS) 133 
and Hip Rating Questionnaire (HRQ) 134. There does not appear to be any 
consensus about which method is best to use. Authors will then derive an 
arbitrary 'cut-off' based on these measures to determine whether patients require 
joint replacement. Clearly different choices of cut-off will lead to different 
estimates of need for surgery. 
An editorial by Holland & Harvey discusses the limitations of current research 
efforts to estimate the population requirement for knee replacement 88. In 
choosing arbitrary cut-offs to consider people as being in need of joint 
replacement they question whether UK orthopaedic surgeons would perceive 
that all those over the threshold score of 55 would be considered in need of 
surgery in relation to the SASH study by Juni et al 58. They say that whilst the 
priority scale has been piloted in New Zealand and, for joint replacement, 
surgical priority scores appeared to be in close agreement with those generated 
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by the scale, within the UK a study of waiting list patients found that 60% had 
New Zealand scores over 55, and 80% scores over 43. This implies that the upper 
cut-off may perhaps yield too conservative an estimate of need compared with 
surgical practice. Use of the Lequesne index in the North Yorkshire study 
yielded quite different estimates of prevalent need within age specific bands, 
suggesting such estimates are sensitive to both threshold and instrument used. 
Only the SASH and Ontario studies have attempted to adjust the estimates of 
need for surgery according to willingness for surgery. There is a need to know 
patient preference for surgery, if attempting locally based health needs 
assessment, in order to know how many people would accept the operation if 
offered. In the SASH study adjusting for willingness for surgery led to a 36% 
reduction in the need for knee replacement and 9% reduction for hip 
replacement. The Canadian study by Hawker et al found that between 44 and 
55% of subjects in need of surgery for knee or hip disease were definitely or 
probably unwilling to undergo surgery, but their estimate of patient willingness 
was more detailed. In some cases studies have used a stringent exclusion 
criteria, particularly the North Yorkshire and Wiltshire & Sheffield studies. Due 
to improvements in modern anaesthetic techniques more people may now be 
eligible for surgery such that prevalence of need may be underestimated. 
As these are population based prevalence studies, they are understandably 
conducted in geographically small areas. The problem with this is that the need 
for joint replacement may vary geographically. This has been demonstrated in 
the Wiltshire and Sheffield studies where need for Knee replacement was greater 
in the Sheffield Health Authority (HA) than Wiltshire HA, even after 
multivariable adjustment for age, sex, deprivation and rurality 18. The Canadian 
study by Hawker et al also demonstrated that need varied in areas of high and 
low utilization of joint arthroplasty 128. As such these estimates of need may not 
be generalisable to other areas. 
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Information collected within these studies can be used to examine whether there 
are inequities in access to care, by relating need to provision of services, and to 
some extent work from these studies has attempted to address this issue, as will 
be discussed in the next section. Currently the results described above only tell 
us about inequalities in the need for surgery, not whether it is equitable. 
3.8. Studies investigating inequity in access to healthcare for joint 
replacement of the hip and knee 
Early work by Chaturvedi & Ben-Shlomo using readily available routine data 
sources demonstrated evidence of inequity in access to hip replacement 60. The 
third national general practice morbidity survey (1981-82) was used as an 
indication of need for surgery, defined as GP consultations for ostcoarthritis 
(although this was not specifically for arthritis of the hip). Data on provision was 
obtained from hospital episodes statistics (HES) for all North East Thames 
Regional Health Authority residents for 1991-2. By comparing rates of need to 
provision, according to socioeconomic status, the authors found that the trend 
for hip operations was in the opposite direction to patient consultations for 
osteoarthritis. GP consultations for osteoarthritis was higher in the lower social 
classes, with hip operations more commonly performed in those living in 
affluent areas. This suggests that barriers to surgery occur after patients have 
recognised their symptoms and sought help. Although disadvantaged people 
consult their GPs about these problems, they are less likely to be referred on for 
more surgery, compared to the more affluent. 
3.8.1. Studies identified in the review 
Studies have attempted to address the issue of whether inequity in access to joint 
replacement exists in a number of ways: 
1. Define a cohort of patients in need of joint replacement, then follow them 
up for a period of time to see if they receive provision of services 
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2. Identify a cohort of patients (either in the general population, in general 
practice or secondary care) and identify who receives provision of joint 
replacement, adjusting for severity of joint disease. 
3. Consider patients to be in need of joint replacement once placed on a 
waiting list, and examine differences in waiting times for surgery. 
3.8.2. Examine inequity by identifying those in need of surgery and 
relating to provision of services 
The SASH paper by Juni et al 58 found that the prevalence of knee pain increased 
with age and was higher in women, confirming results in the North Yorkshire 
study. Unfortunately the focus of the paper was to estimate overall prevalence of 
need for knee replacement, and although information was collected on whether 
patients had consulted a GP about their joint problem, been referred for specialist 
care, consulted an orthopaedic surgeon, or were awaiting a joint replacement, no 
attempt was made to compare need to provision. As such it is not possible to 
determine whether there are inequities in access to care. However, within the 
paper is a table presenting crude age/ sex specific prevalence of need for 
knee 
replacement (using a New Zealand score cutoff), alongside prevalence of 
provision (patients reporting they received a TKR previously). Crudely this 
shows that women have twice the need of men, but women are also twice as 
likely to receive provision. Looking at age, need increases with age, but is far 
greater in women aged 75+ than men. Overall rates of provision are 3 times 
lower than estimated need, for both men and women. However this varies with 
age, and notably women aged over 75 have 5 times the need of men, but only 
receive twice the provision of men. The numbers requiring knee replacement 
dropped to half the original estimate after exclusion of those unfit for surgery, 
who had not had a trial of medical therapy, and who indicated they did not want 
to have a surgical intervention, but the age/ sex specific prevalence rates do not 
adjust for this. 
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Only a few studies have examined inequity by identifying a group of patients 
aged 55 years or over in need of joint replacement, and following them up to see 
if they received provision of services. In the North Yorkshire study 63 126 need for 
surgery was related to provision by determining whether in the last year, 
patients had seen a GP, hospital consultant, or were on a waiting list for surgery, 
for their joint problems. Although need for knee arthroplasty increased with age, 
being nearly 3 times higher in those aged 75+ compared to those aged 55-64, 
younger people were more likely to receive provision, where two thirds of those 
aged 55 to 64 were currently under the care of a hospital doctor compared to less 
than a quarter of those aged 75 years or over. Of those with extreme pain and 
disability, a quarter of those aged 55-64 were on the waiting list, but none of 
those aged 75 or over reported being on a waiting list. The paper examining hips 
found similar patterns. Need for hip arthroplasty increased with age, but two- 
thirds of those aged 55-64 were currently under the care of a hospital doctor, 
contrasting with one in four of those aged 75 yr and over. As for knees, the age 
variation is accentuated when looking at those currently on the waiting list for 
surgery. One-quarter (23%) of those aged 65-74 were on the waiting list, 
compared to only 3% of those aged 75 and over. 
This study provides evidence of inequity in access to hip and knee arthroplasty 
according to age, demonstrating that people aged 75 years and over have less 
access to hip and knee arthroplasty compared to those in younger age groups. 
As the age effect is greatest for those on the waiting list, it suggests barriers are 
occurring after a patient has visited their GP with hip or knee problems. 
However the North Yorkshire study focuses on age alone, does not consider 
other socio-demographic domains, and willingness for surgery was not 
considered. Statistically it is weak, as of those in need of arthroplasty, they are 
only looking at the proportions receiving provision of services in each age group. 
The Wiltshire and Sheffield studies 18 64 used the same methodological approach 
as those conducted in North Yorkshire. They conducted an 18-month follow up 
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of people aged 65 years or over in need of joint replacement to see whether they 
were under the care of a GP, hospital consultant, or on a hospital waiting list. 
Socio-demographic factors considered were age, sex, socio-economic, 
disadvantage (in receipt of at least one means tested welfare benefit) and rurality 
(Clokes Index). Using multiple logistic regression, they found that for both hip 
and knee replacement, age, sex and poverty were all predictors of unmet need, 
but not rurality. Unfortunately regression coefficients were not reported in 
either paper and instead the authors report that older people had much greater 
need, but those in need were a great deal less likely to be receiving care than 
younger people. Women were twice as likely to need knee replacement, but 
equally likely to be receiving care. Deprived people were more likely to need 
knee replacement, however they were less likely to be receiving appropriate 
services. People in rural areas had similar needs to those in other areas and were 
equally likely to be receiving care. 
The final paper using this approach was the Canadian study by Hawker et al 135. 
Socio-demographic factors considered were age, sex, education, race, marital 
status, living alone and income. Of those in need of arthroplasty, stepwise 
multivariable logistic regression modelling was used to assess the determinants 
of being on a waiting list for arthroplasty, currently seeing a physician for a joint 
problem, and ever discussing arthroplasty with a physician or orthopaedic 
surgeon. Women were less likely to have discussed arthroplasty with any 
physician, particularly an orthopaedic surgeon. Among those who had 
discussed arthroplasty with an orthopaedic surgeon, both men and women were 
equally likely to have had surgery recommended. Women were less likely than 
men to be on a waiting list for arthroplasty. This suggests that barriers to 
accessing care occur prior to seeing an orthopaedic surgeon. Within this paper 
results are discussed for gender only, and estimates for other socio-demographic 
factors not reported. 
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3.8.3. Studies adjusting for measures of disease severity when assessing 
inequalities in provision 
There have been a couple of studies that have investigated inequity in access to 
joint replacement, by examining inequalities in the provision of joint replacement 
surgery, having adjusted for the severity of joint disease. 
Three US studies examined the impact of ethnicity on provision of services for 
people with hip and knee pain. Lopez et al found that for patients seen in a 
primary care centre in Cleveland, after multivariable adjustment for age, income, 
education, co-morbidity and disease severity, the proportions of patients who 
received specialist referrals for osteoarthritis treatment were similar for African 
American and White patients. However there was weak evidence favouring 
White patients, in terms of referrals to orthopaedics 136. Suarez-Almazor et al 
looked at patients with health insurance attending a multi-clinic institution in 
Texas, and also found that after adjusting for age, sex, education, perceptions of 
risk of surgery and disease severity, there were no differences in physician 
recommendation for TKR across ethnic groups 137. Blake et al contacted a sample 
of patients in the general population with hip or knee pain which interfered with 
their ability to walk or stand 138. They found that similar numbers of Black and 
White patients reported seeing a doctor, and similar numbers reported seeking 
care from a primary care doctor, but 15% of Whites reported seeing an 
orthopaedic surgeon compared to only 3% of Blacks. Unfortunately although 
these studies have recorded other socio-demographic variables they have not 
reported estimates for them. 
An ecological study of 49 counties in Ontario by Wright et al, found that in 
multivariable analyses adjusting for mean WOMAC score in each county, 
counties with older populations had higher utilization rates 139. Other county 
characteristics such as the proportion of female residents, rural residents and 
median income of the county did not affect utilization rates. 
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Although not identified in the Medline search, two further studies have been 
conducted using the SASH data. Eachus et al examined the association between 
severity of hip pain and socio-economic position using the SASH dataset '. 
Several different indicators of socio-economic position were used, measured at 
both the individual and ecological level. The New Zealand Score was used as a 
measure of severity of hip disease. The relative index of inequality 92 was 
calculated to measure the extent to which ill health is systematically associated 
with socioeconomic position (see section 2.1.5). Increasing disease severity was 
positively associated with increasing age. They found that income and 
educational attainment are significantly associated with increasing severity of 
hip disease. After standardising for age and sex, however, the gradient in the 
means for social class disappeared. There was no association between the 
severity of mean hip disease with ecological measures of socioeconomic position 
(material deprivation and urban or rural location). This tells us about 
inequalities in need for hip replacement, in that need is greater in older people, 
and those of lower social class, but that area level factors were not important. 
However this was not related to provision, so cannot tell us about inequity. 
This study was later repeated by Propper et al in 2005 where they investigated 
equity in access to care for arthritis of the hip using SASH data 140. They 
investigated what factors were important in determining provision of care in 
people with arthritis of the hip. Provision was defined as the estimated cost (£) 
of using the following services over a 12-month time period: primary and 
secondary NHS care, private health care, social service care, private expenditure 
on walking aids and other therapies. Need was determined by the New Zealand 
Score. Other explanatory variables considered (i. e. what factors are associated 
with provision) were: Co-morbidity (respiratory, cardiovascular, eye disease, 
depression, cancer), Various measures of individual socio-economic position, 
Area level measures of deprivation, Rurality, Distance to GP and nearest 
outpatient and in-patient facilities, Age, Sex, Severity of disease, GP 
characteristics (Fundholder, List size, Interest in Arthritis, Deprivation). They 
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found that the probability of having any NHS treatment is determined by the 
severity of arthritis and not by any other factors. How much NHS care 
individuals get, conditional on receiving any care, is also primarily determined 
by severity but is also affected by the educational status of the individual and 
whether the practice of their family doctor has a registered interest in arthritis. 
The probability of use of private care is also determined by medical need. On top 
of this, education, self-assessed health status, the living arrangements of the 
users of care and the interest of the family doctor affect the chance of using 
private care. This study demonstrates that when taking all other factors into 
account, only severity of hip disease determines whether people receive 
provision of NHS services. No associations were found for any of the other 
explanatory variables, suggesting equity in access to care. 
Unlike other studies that have found evidence of inequity by age, sex, and 
deprivation in access to care for hip replacement, the analysis by Propper et al 
using the SASH study has found no evidence of inequity. There are several 
reasons why this study found a null finding. The first explanation is that SASH 
participants are not representative of the general population (being largely better 
off and White). Hence the results are generalisable to the Somerset & Avon area 
only, and findings may differ using a nationally selected random sample of 
participants. Secondly, due to the multistage sampling strategy, of the 3169 
people with hip pain, only 1405 attended the clinical assessment, and of those 
only 908 completed all relevant questionnaires for inclusion in this study. Hence 
there is a strong possibility response bias may explain the null finding. Thirdly, 
adjustment for co-morbidities and self assessed health may be an explanation. If 
those with co-morbidities are either less willing, or less likely, to receive access to 
care, adjusting for this may have attenuated any effect. Willingness for surgery 
is not likely to be an explanation, as the authors did not adjust for this. Finally, 
the outcome variable used is a major problem. The outcome is the estimated cost 
(in pounds sterling) of a patient's care received for arthritis in a 12-month window 
based on using NHS care as example, the cost of: GP visits, outpatient visits, X- 
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rays, chiropody, hip replacements and revisions, NHS prescribed drugs, and 
social services care (community occupational therapist, social worker, home help, 
meals on wheels, means tested aids and adaptions). A simple outcome of 
whether or not the patient received hip replacement may have yielded different 
results. 
3.8.4. Studies looking at inequity in patients on the waiting list for joint 
replacement 
The final way authors have attempted to examine inequity, is once patients have 
been placed on a waiting list for joint replacement surgery, to examine whether 
there are differences between socio-demographic groups in the time till receipt of 
operation. Some, but not all authors, adjusted for disease severity to see if 
priority for surgery was determined by the severity of joint disease, not other 
socio-demographic factors. 
Waiting time from referral to the initial orthopaedic consultation 
The first aspect of waiting time considered is that from referral to the initial 
orthopaedic consultation. Fitzpatrick et al 141 surveyed patients and surgeons in 
five regions of England and found that age, gender and severity of joint disease 
did not determine waiting times for an outpatient appointment. However a 
deprivation effect was observed where people who rented (publicly or privately) 
waited longer for an outpatient appointed than homeowners. There was 
geographic variation in waiting times where people living in the Oxford region 
had the shortest waiting times, whilst those in Anglia had the longest. A 
Canadian study by Snider et al observed that patients referred from a Urban 
orthopaedic practice waited longer for their initial orthopaedic consultation than 
those referred from a Rural practice 142. 
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Waiting time once placed on waiting list for surgery 
Evidence of inequity in waiting times for surgery after being placed on a waiting 
list for surgery was inconsistent and conflicting with respect to all socio- 
demographic domains. Two studies found age was not associated with waiting 
times for surgery 141143, whilst Coyte et al found that in the US people aged 80 
years or over had shorter waiting times 1" and Dolin et al observed that surgeons 
gave greater priority to patients aged over 70145. 
When looking at gender Coyte et al 144 found sex was not important in explaining 
waiting times in either Ontario, Canada or in the US, and Kelly et al also found 
no gender effect 143. Yet Fitzpatrick et al 141 observed that women had shorter 
waiting times and Dolin et al found surgeons gave greater priority to women 145. 
Income and education were not important in explaining waiting times in the US 
or Canada 144 and Kelly et al found no difference in waiting times according to 
education, work status, or residence type 143. Fitzpatrick et al did find some 
weak evidence that people living in publicly rented property waited longer than 
home owners 141. 
Coyte el al found race was not associated with waiting times in the US 1", but the 
Canadian study by Kelly et al observed that patients whose primary language 
was not English or French had shorter waiting times for surgery 143. Kelly et al 
found obese patients waited longer for surgery 143 whilst priority for surgery was 
not determined by obesity in the study by Dolin et al las. Snider et al found no 
differences between patients in urban and rural practices on waiting times for 
surgery 142. 
Severity of joint disease was not associated with waiting times in two studies 141 
143. Coyte et al found that in Ontario, Canada, the condition of the knee before 
surgery was not associated with shorter waiting times, but in the US severity of 
joint disease did indicate shorter waiting times 144. Dolin et at found surgeons 
gave greater priority to patients with higher pain scores and X-ray ratings 145. 
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Recall bias may be an explanation for the discrepancies among these studies. 
Both Fitzpatrick 141 and Coyte 144relied on patients remembering how long they 
had to wait before surgery. 
3.9. Limitations of existing work and requirement for future 
research 
There are a number of limitations to the current research base in this area. The 
majority of studies have sought only to explore inequalities in the provision of 
joint replacement surgery. The main problem with this is that they do not 
consider how this relates to need for surgery. In order to look at whether 
provision of services is equitable (fairness) it should be related to the underlying 
need for surgery. 
The weakest methodological approach to examine inequity is in the analysis of 
waiting times for surgery. Aside from the considerable inconsistencies in the 
findings of such research, and the problems of recall bias, it only addresses 
inequity in the final stage of the pathway to accessing care. This being inequity 
in the time waited from primary care referral to first outpatient consultation with 
an orthopaedic specialist. Then time from being placed on the waiting list by the 
orthopaedic surgeon till receipt of joint replacement. 'Need' is considered as 
being referred by a GP or being placed on a waiting list, and there are likely to be 
people in the population that are in need of surgery, but were not referred, or 
have yet to seek healthcare (clinical iceberg). 
A better approach that several authors have taken to consider 'need' is to control 
for the severity of joint disease in multivariable regression analysis. The idea 
being that if inequalities in the provision of services is observed according to 
various socio-demographic domains, to what extent is this variation attenuated 
or explained by disease severity? If differences remain after adjustment then 
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there is considered to be inequity in access to joint replacement. The problem 
with this approach is that it does not allow examination of inequalities in the 
need for surgery across various socio-demographic domains. So it is not possible 
to actually describe inequalities in need for surgery. It solely focuses on 
provision of services, adjusting for severity of joint disease as an overall 
continuous variable. 
The best studies are those that have identified a group of people that are in need 
of surgery using population based prevalence surveys, and then identifying 
whether there are differences between different socio-demographic groups in 
who receives provision of services. However there are still limitations with these 
studies. The primary concern is that that are all conducted in geographically 
small areas, and there is evidence that both the need for, and provision of, joint 
replacement may vary geographically. Another problem is that they are one-off 
population based prevalence surveys, so how do we monitor inequity in the 
future? 
The requirement of future research is therefore as follows: 
- Use routinely collected data from a nationally representative population 
based prevalence survey to determine the need for joint replacement 
surgery according to various socio-demographic domains. One such data 
source being the English Longitudinal Study of Ageing (ELSA). 
- It will be important to use a recognised and valid method to determine 
who is in need of surgery, such as the New Zealand Score criteria. 
- Use appropriate statistical methods to predict the need for surgery at the 
small area level (i. e. districts). 
- Use a nationally representative routine data source on the provision of 
joint replacement to estimate rates of provision by different socio- 
demographic domains at the small area level. The Hospital Episode 
Statistics (HES) database could be used to do this. 
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- Use appropriate statistical methods to compare rates of need to provision 
at the small area level, in order to determine whether provision of joint 
replacement is equitable. 
Future research should also attempt to consider at what stage of the care 
pathway any inequity occurs. Is it that some groups choose not to seek 
healthcare from their local GP? When patients do seek help from their GP for 
their joint problems, are there differences in who gets referred to an orthopaedic 
specialist? General practice routine datasets (i. e. QResearch) could be used to 
help answer this question. 
Finally if inequity is identified in certain areas of the country, what can be done 
to resolve the problem? One approach would be to look at supply side factors 
such as hospital trust characteristics of the number of Trauma and Orthopaedic 
consultants, numbers of beds, distance travelled to nearest hospital etc and see to 
what extent they are related to inequities. Making changes to any identified 
supply side factors could potentially be one possible method of reducing 
inequities. Another solution would be for healthcare planners responsible for 
areas with identified inequities to conduct a detailed clinical audit of the services 
they provide to identify where they are going wrong. By using routine data 
sources to identify any inequities, analyses can be reproduced in future years to 
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CHAPTER 4. SOURCES OF ROUTINE DATA 
4.1. What sources of routine data are available? 
Routine data sources are generally collected for administrative and legal 
purposes and such datasets cover whole populations over long periods of time. 
As they are not focused on specific procedures or outcomes, they can be used in a 
number of different ways over and above their traditional uses for population 
health assessments and health service planning. However in doing so, it is 
important to be aware of their limitations in terms of content, changes in 
definitions over time, and the potential for variations in levels of accuracy and 
completeness. 
In a recent report for the National Co-ordinating Centre for NHS Service 
Delivery and Organisation (NCCSDO), MacFarlane et al investigated the 
availability and adequacy of datasets that could be used to measure and monitor 
access to healthcare 89. This provides a useful summary of each dataset alongside 
their strengths and limitations. Data sources identified were assessed, according 
to the extent they could be used to measure both the need for healthcare, and the 
use of services (provision). Consideration was given to whether data could be 
used to monitor the socio-demographic characteristics of specific groups of 
people that may be associated with inequalities in health and the need for 
healthcare (such as age, sex, ethnicity, socio-economic, travel time, morbidity, 
mortality, etc), and to what level of geographical disaggregation information 
from these datasets was available at. However, MacFarlane et al just provide a 
general overview outlining their potential for use, and a more detailed in-depth 
search would be required for a specific equity indicator. 
The main finding of the report is that many routine data sources do not comprise 
detailed data for determining the socio-economic characteristics of those 
accessing health services, for example a lack of data on ethnicity, postcode of 
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address, and socio-economic measures. This limits their usefulness in 
monitoring access for different population groups. There was a lack of 
comprehensive and standardised primary and community care data by which to 
construct a picture of need and provision of care, which is crucial given the shift 
of medical care to primary care settings. The most consistent finding, applying 
to a number of areas of health care, was the omission of data collected and 
available from the private sector. Concerns were raised about the loss of data 
and of data quality as NHS provision becomes outsourced (particularly for 
routine elective surgery), and care is increasingly provided in non-traditional 
settings. It can be also be difficult to gain access to the datasets themselves, with 
some sources being expensive, while others restrict access to the datasets. 
In the remainder of this chapter we summarise the two different types of data 
sources identified within the report: 
- Data collected routinely in hospitals, general practice and community 
services 
- Data collected on a population basis, particularly data from routine and 
ad hoc surveys 
4.1.1. Routinely collected data 
Secondary care 
Hospital Episode Statistics (HES) 
HES is a data warehouse containing details of all admissions to NHS hospitals in 
England. It includes private patients treated in NHS hospitals (but not those 
treated in the private sector), patients who were resident outside of England, and 
care delivered by treatment centres (including those in the independent sector) 
funded by the NHS. It contains admitted patient care data from 1989 onwards, 
with more than 12 million new records added each year, and outpatient 
attendance data from 2003 onwards, with more than 40 million new records 
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added each year. Data about patient activity in the NHS are generated by the 
Patient Administration Systems (PAS) located in trusts and passed to HES 
through the National Programme for IT's (NPfIT's) Secondary Uses Service 
(SUS), where it undergoes a detailed process of cleaning and validation. 
HES aims to collect a detailed record for each 'episode' of admitted patient care 
delivered in England by NHS hospitals or delivered in the independent sector 
but commissioned by the NHS. Individual records are for each 'finished 
consultant episode' (FCE); the period of care a patient receives under one NHS 
consultant. If primary responsibility for a patient is transferred to another 
consultant during a'spell' in hospital, then a new record must be completed. In 
2004-05 there were 12.1 million admissions, resulting in nearly 14 million 
episodes. HES is made available only after the data have been cleaned, 
validated, with a number of fields derived or added, and 'frozen' with no further 
changes or additions made after it has been published. 
Each HES record contains a wide range of information about an individual 
patient, such as: clinical information about diagnoses and operations; 
information about the patient (i. e. age group, gender and ethnic category); 
administrative information (i. e. time waited and date of admission/discharge); 
geographical information on where the patient was treated and the area in which 
they lived. Diagnoses are coded using the International Classification of 
Diseases codes (ICD10) 146while clinical procedures are coded using the UK 
Classification of Operative Procedures OPCS4 147codes. Clerical staff usually 
enter administrative details, whilst clinical data are entered by clinical coders 
either directly from patients' case notes, or from discharge summaries prepared 
by the health professionals, usually doctors, who are responsible for the care of 
the patient and are required to code diagnoses and procedures. Further 
information is available from the HES website http: //www. hesonline. nhs. uk. 
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HES data can be used to monitor access to acute health care services because they 
include demographic data such as patients' postcodes and electoral ward. 
Therefore rates can be related to social data derived from the census such as 
ward-based measures of deprivation, and more detailed geographic analyses can 
be undertaken. Because of the importance of HES for national and local policy 
making, monitoring geographical inequalities in health, performance 
management, research and resource allocation, fairly extensive checks are made 
to assure the completeness and accuracy of the data. 
Strengths of the HES data are that: 
- HES data is national and ongoing, enabling comparisons across time, place 
and, person. It is a major monitoring tool for the prevalence of those diseases 
that warrant a hospital stay. It is an important and powerful source of data 
for epidemiological research, a planning tool and determining levels of 
provision of health care. 
- Hospital morbidity can be analysed by specialty or procedure undertaken. 
Diagnoses and procedures are coded in considerable detail. 
- It can be used to identify inequalities by age, sex and geography. Additional 
useful variables to monitor access can be derived. For example, travel times 
can be estimated from postcode of residence and trust fields. Measures of 
area level deprivation can be linked to output areas or census wards. 
- The need for health services can only be determined by using actual 
utilisation of health care services as a proxy measure. 
There are a number of recognised limitations with using HES data: 
- Although HES records the types of operation and reason for admission, 
there is no information about non-surgical interventions such as 
medications. 
- HES data have been criticised due to the quality of some key fields that 
relate to health inequalities, notably ethnicity. Although Ethnic Group is a 
compulsory routine data item in the patient record, one of the allowed 
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codes is 'Not given', giving patients the opportunity to withhold the 
information. A study found the incompleteness of the ethnicity field in HES 
made it impossible to use for determining access to healthcare 148. 
- The former Commission for Health Improvement expressed concerns about 
the completeness and accuracy of coding of procedures and diagnoses 149. 
There may be local differences in the level and accuracy of coding, 
especially the way diagnostic codes are used. A report by the Audit 
Commission in 2001150 found inconsistency between and even within 
trusts in the way that coders operate. Some trusts coders rely on case-notes 
while others they may refer to junior doctors to ensure a higher degree of 
accuracy. 
- Only limited data are made available free of charge and charges are applied 
to answering more complex queries. Access is controlled by the NPfIT's 
Secondary Uses Service, which takes advice from the Security and 
Confidentiality Advisory Group (SCAG). Applicants must justify access to 
each data item requested, and state the purposes to which the data will be 
put. 
- HES does not contain data on people who need inpatient care but do not 
receive it. Therefore HES is limited in its capacity to measure unmet need. 
- Differences between areas may arise if services are provided on an 
inpatient basis in some areas, while in others services for people with 
similar health care needs may be provided on an outpatient basis, in 
primary care, privately, or not at all. 
- Although HES includes private patients treated within the NHS, it 
does not 
include operations carried out in private hospitals. 
- Care needs to be taken about the condition being studied. For example, 
episodes of ectopic pregnancy are fully captured in secondary care, but 
other conditions may be treated in different settings such as primary care, 
or Genitourinary Medicine (GUM) clinics. HES data will only capture the 
prevalence of a disease treated in a secondary care setting. 
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- Whilst HES contains information on in-hospital deaths, there is no data on 
mortality outside the hospital setting, nor cause of death, as HES data are 
not allowed to be linked to national mortality statistics at present. 
Aggregated hospital data 
Data on hospital trust characteristics, such as numbers of available and occupied 
beds, and numbers of consultants, in each NHS hospital trust, is available from 
the DoH. Such data could potentially be used to explain geographical variations 
in access to healthcare. Their limitation is that these numbers need to be 
expressed as rates per catchment population, rather than numbers, to allow 
meaningful comparisons. 
KH03 Return 
Data on NHS beds are collected annually through the KHO3 returns. This 
contains information on the number of available and occupied beds for each 
NHS trust. Aggregated returns do not capture activity in the private sector. The 
data is freely available to download from the DoH Hospital Activity Statistics 
website http: / /www. performance. doh. gov. uk/hospitalactivity/ index. htm. 
KH09 Return 
Contains information on the numbers of first and subsequent attendances by 
patients at consultant outpatient clinics, the numbers of written GP referrals and 
private patient attendances by speciality, and the numbers of first and 
subsequent attendances at accident and emergency departments. It also collects 
data on numbers of patients who did not attend. Total attendances at consultant 
outpatient clinics include those by both NHS and private patients. Data is 
provided annually for each NHS trust and freely available to download from the 
DoH Hospital Activity Statistics website. 
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Staffing and workforce data 
The Hospital and Community Health Services (HCHS) NHS medical and dental 
workforce survey, provide information on health care staffing. The data provide 
some evaluation of how access may be affected by staffing levels. The medical 
census records sex, grade of staff, doctors in training, ethnicity, whether full time 
or part time, and numbers of staff who qualified overseas. Unfortunately, there 
are major gaps in data collected about staff employed by independent providers. 
The data is freely available to download from the HCHS section of the DoH 
website 
http: / /www. dh. gov. uk/en/Publicationsandstatistics/Statistics/StatisticalWork 
Areas/Statisticalworkforce/ DH 4087066. 
Primary Care Data 
Currently in the NHS, some medical care that was traditionally available in a 
secondary care setting in hospitals, is being shifted to primary health care. The 
new GMS contract 15 gave PCTs the opportunity to expand the range of primary 
care services through `Enhanced Services' (e. g. minor surgery) in order to 
improve convenience and choice for patients, and reduce pressures on hospitals. 
In light of this, good quality population based primary care data is important for 
monitoring access to care. In order to do so such data sources must contain 
socio-demographic details of patients as well as clinical information. The 
conclusion of the report by MacFarlane et al 89 was that there is a lack of primary 
care data available to monitor and measure access at a population level. Barriers 
to the use of primary data sources to monitor access are: cost (GPRD); the level of 
aggregation of data, often not at the individual patient level (particularly 
QMAS); the lack of socio-demographic data about patients; sample sizes being 
too small for analyses to be undertaken at a local area level. Morbidity statistics 
from general practice are probably the best source of data on needs, as these data 
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are rich in socio-demographic and clinical data and are of a high quality. 
However the surveys appear to have been discontinued. 
The General Medical Services (GMS) database 
Information is collected twice yearly from PCTs for each registered general 
practice in England and Wales. This includes GP characteristics (i. e. GP age, 
country of origin, Part-time GPs), Practice activity (i. e. number of GPs, GPs 
offering Asthma/Diabetes services/Minor surgery/Child health surveillance), 
Practice characteristics (i. e. List size), and Patient characteristics (i. e. age/sex 
breakdown, patients in rural areas). PCT level GMS data has been linked to PCT 
data on socio-economic and demographic population characteristics from the 
Office of National Statistics (ONS) census (i. e. ethnic group, economic position, 
long-term illness, and deprivation indices). It has also been linked to data from 
The Quality and Outcomes Framework (QOF) and the Prescription Prescribing 
Authority (PPA) (described later). This forms the'National Primary Care 
Database', developed by the National Primary Care Research and Development 
Centre in collaboration with the Regional Research Laboratory based in the 
University of Manchester School of Geography. The database systematically 
links population characteristics and their health status to the provision of 
primary health care for all PCTs in England and provides a national framework 
for monitoring and evaluating the performance of PCTs over time. Further 
information is available from their website http: //www; primary-care- 
db. ore. uk/index. cfm. 
The General Practice Research Database (GPRD) 
GPRD is a large database of anonymised, longitudinal patient records from 
general practice. GPRD has full records for over 3.4 million currently registered 
patients and over 13 million patients in total. These data are collected from 
around 450 practices and cover 4.6% of the UK population. The sample is 
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broadly representative of the UK population. The contributing UK general 
practices are required to use 'In Practice Systems VISION software'. 
The information collected from GPs includes: Patient demographics (i. e. age and 
sex); Medical symptoms, signs and diagnoses; Therapy (medicines, vaccines, 
devices); Treatment outcomes; Events leading to withdrawal of a drug or 
treatment; Referrals to hospitals or specialists; Laboratory tests, pathology 
results; Lifestyle factors (height, weight, BMI, smoking and alcohol 
consumption); Patient registration, practice and consultation details. 
Participating practices follow agreed guidelines for the recording of clinical data 
and submit anonymised, patient-based clinical records on a regular basis. 
Diagnostic data are recorded using OXMIS and/or READ codes. Drug 
information is recorded using either VAMP or Multilex drug codes which can be 
mapped to British National Formulary (BNF) codes. Data from each practice are 
routinely examined after each collection to assess whether GPRDs research 
recording agreement has been followed. Practices are informed if they fail the 
quality assessment criteria and must improve their recording procedures and 
amend records. 
GPRD is a useful resource for conducting academic research in a broad range of 
areas including clinical epidemiology, disease patterns, disease management, 
outcomes research, and drug utilisation. The large sample size and 
representativeness of the data make it suitable for cohort and case-control studies 
and to draw conclusions on disease incidence, risk factors, exposure effects, 
treatment patterns and health outcomes. Studies using GPRD data are required 
to gain approval from the MHRAs Independent Scientific Advisory Committee 
for MHRA database research (ISAC). The GPRD Group has obtained ethical 
approval from a Multi-centre Research Ethics Committee (MREC) for all purely 
observational research using GPRD data; namely, studies which do not include 
patient involvement. 
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There are several ways to access Full Feature GPRD (FF-GPRD), either as 
datasets, through commissioned research and reports or through secure on-line 
access. There is an extremely high financial cost to obtaining GPRD data, which 
ranges from £16,200 for a single dataset, up to £325,000 per annum for full online 
access. However towards the end of 2005, the MRC acquired free access to 
GPRD for the benefit of the UK academic research community, available by 
submitting a research proposal and applying for a licence. For further 
information see http: / /www. gprd. com/home/. 
Aside from cost, limitations to using GPRD to monitor access to healthcare are 
the lack of demographic patient data. Age and sex are available, but data on 
social class, ethnicity and deprivation are not included. Also whilst GPRD is a 
nationally representative sample, this is unlikely to be the case for small area 
analysis, limiting its use to local health planners. 
Morbidity Statistics from General Practice (MSGP) 
The Office of Population Censuses and Surveys (OPCS) (now part of the ONS), 
jointly with the Royal College of General Practitioners (RCGP) and the 
Department of Health (DoH), conducted the fourth of a series of studies of 
Morbidity Statistics from General Practice in 1991-92 (MSGP4). This is the last in 
a series of four surveys collecting data about all consultations with a sample of 
volunteer GPs for one-year periods in 1955-56,1970-71,1980-81 and 1991-92 
respectively. It is a nationally representative sample of general practitioners' and 
practice nurses' recorded details of every face-to-face contact with their patients 
over the course of a year, in order to examine the pattern of disease seen by GPs. 
The fourth survey in 1991-92 sampled 60 volunteer NHS practices in England 
and Wales and over 500,000 patients, a one per cent sample of the population of 
England and Wales. Data were recorded about each episode of illness leading to 
one or more consultations within the survey year, even if a prescription was not 
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issued. The date and place of consultation, diagnosis, whether it was the first 
consultation in the current illness, and whether the patient was referred 
elsewhere were recorded. Information collected included Read diagnostic codes 
and severity category assigned by OPCS. All patients in the survey were 
interviewed, and socio-demographic data including marital status, housing 
tenure, smoking, ethnicity, household composition, social class and a rurality 
indicator, were recorded. The data are freely available from the ONS website; for 
more information see 
httR: / /www. statistics. gov. uk/STATBASE/-Product. asl2? vlnk=616&More=Y. 
Morbidity statistics from general practice are probably the best source of data to 
estimate need for healthcare, as the data are rich in socio-demographic and 
clinical data and are of a high quality. There are some limitations to the study. 
In general, the study sample was representative of the population enumerated in 
the census by age, sex, marital status, tenure of housing, economic position, 
occupation and whether they lived in an urban or rural area. However there 
were small differences in the proportions of people by social class, and ethnic 
minority groups were under-represented. The South of England and people 
living in metropolitan districts were slightly under-represented in the study. The 
doctors taking part were self-selected and had an interest in collecting morbidity 
data. The average number of patients on the study practice lists was larger than 
for other practices, particularly in the Midlands and Wales. 
Unfortunately the data from the fourth survey are now over ten years old and 
the series has not been continued. Had the ten-year timetable continued, the fifth 
National Morbidity Survey would have been undertaken for 2001-2 and 
comparisons could have been made with the 2001 census. 
Prescription Analysis and Cost Tables (PACT) 
PACT provides information about prescribing in general practice in England. 
The system includes all items dispensed in England by community pharmacists, 
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appliance contractors and dispensing doctors, as well as prescriptions submitted 
by doctors for items they administer themselves. Prescriptions dispensed in 
hospitals or mental health units, and private prescriptions, are not included in 
PACT data. At the end of each month prescriptions dispensed are sent to the 
Prescription Prescribing Authority (PPA). The PPA analyses the data and 
provides comparative information on both prescription items and costs to 
individual GPs, health authorities and the Department of Health in the form of 
Prescription Analysis and Cost tables. The data are available electronically via 
the computer system EPACT. 
PACT data are limited in how they can be used to monitor access to care. Only a 
narrow range of data is collected, mainly on drugs prescribed and their cost. 
Data are not linked to demographic or to diagnosis information on patients. 
Therefore, they cannot be used to provide prescribing information on age and 
sex, or prescribing of specific conditions where the same drug is licensed for 
more than one indication. 
Quality Management and Analysis System (QMAS) 
This is a national system for England that is being developed to support the 
quality and outcomes framework (QoF) of the new GMS contract. QMAS 
contains 76 clinical indicators in 11 areas (coronary heart disease, left ventricular 
dysfunction, stroke and transient ischaemic attack, hypertension, diabetes 
mellitus, chronic obstructive pulmonary disease, epilepsy, hypothyroidism, 
cancer, mental health and asthma), 56 organisational indicators in 5 areas 
(records and information, patient communication, education and training, 
medicines management, clinical and practice management), four patient 
experience indicators in 2 areas (patient survey and consultation length), and 10 
service indicators in 4 areas (cervical screening, child health surveillance, 
maternity services and contraceptive services), all designed to record 
achievement. Clinical disease registers have been set up for each practice based 
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on Read Codes for the clinical indicator groups. Clinical data are automatically 
uploaded to QMAS from practices on a monthly basis. No patient identifiable 
data will leave GP practices. 
Aggregated information is available for each PCT in England, showing the list 
size and prevalence of disease for each indicator. Hence estimates of the overall 
prevalence of disease in general practice can be obtained for each indicator. 
However these are raw (crude) prevalence estimates, not adjusted for factors 
such as age, sex, or deprivation. These estimates are freely available to 
download from the Information Centre website http: //www. ic. nhs. uk/statistics- 
and-data-collections /q of-information/ qof-2004 / 05 /detailed-results. 
4.1.2. Population based data 
Data from major health surveys can be used to monitor access to healthcare. 
These routine data are richest when it comes to deriving measures of need. For 
example, the health components of the Health Survey for England provide 
detailed information on health needs for particular conditions or problems such 
as cardiovascular disease, disability or the elderly living in institutions. 
For a survey to be most useful, they must be representative, comprehensive, 
ongoing, and of a large enough sample size to allow comparisons to be made 
over time, place and person. Data on health, ethnic group, sex, age, and social 
class are required to measure and monitor inequalities in access. The limitation 
of these surveys is that sample sizes are not usually large enough to produce 
estimates of need at small areas. High non-response rates can bias the results, as 
non-responders are not a random group. This is becoming a bigger problem as 
response rates to the major surveys continue to fall. Most surveys infer the 
characteristics of non-responders by comparing the survey profile with the 
population profile derived from official statistics. Weighting and grossing 
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methods can reduce bias, but such measures cannot entirely compensate for low 
response rates. 
The report by MacFarlane et al 89 identified the following continuous surveys 
that contain questions about health, or wider factors influencing health: 
- The General Household Survey 
- The Health Survey for England 
- The Expenditure and Food Survey 
- The Omnibus Survey 
- The Labour Force Survey 
- Psychiatric Morbidity Survey 
- Drug use, smoking and drinking among young people in England 
- The Family Resources Survey 
- The International Passenger Survey 
- The National Travel Survey 
- The Survey of English Housing 
The major continuous surveys that contain a health component are the Health 
Survey for England and the General Household survey, and these are described 
below. 
The Health Survey for England (HSE) 
The HSE was commissioned by the Department of Health (DoH) and began in 
1991 in response to a lack of national data about morbidity. The sample is 
selected from people in private households in England, and is designed to be 
nationally representative of people of different age, sex, geographic area and 
socio-demographic circumstances. Data from the survey are used to estimate the 
proportion of the population with specific health conditions and the prevalence 
of factors associated with these conditions. The survey combines questionnaire 
answers and physical measurements, including analysis of blood samples, ECG 
readings and lung function tests. The 2005 HSE contained data on 13,297 adults 
and children. 
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An interview with each eligible person is followed by a visit from a nurse who 
makes a number of measurements and, in some cases, takes a blood or saliva 
sample. Socio-economic indicators collected include: income, economic status, 
tenure, accommodation details, car ownership, morbidity, age, sex, employment, 
education, ethnicity, cultural background, and country of birth. The core 
questions are repeated each year together with one or more additional modules 
on subjects of special interest. The 'core' questions include: general health and 
psycho-social indicators, smoking, alcohol consumption, demographic and socio- 
economic indicators, use of health services and prescribed medicines, 
measurements of height, weight and blood pressure. The modules to date have 
been: cardiovascular disease (1991,1992,1993,1994,1998 and 2003); asthma, 
accidents and disability (1995,1996); children and young people (1997,2002); 
ethnic groups (1999,2004); health of older people (2000,2005); respiratory disease 
and atopic conditions, disability and non-fatal accidents (2001); 
Data from the HSE are most useful for estimating the prevalence of need for 
medical services by various socio-demographic groups. By combining several 
years on survey data it is possible to provide information on core topics at health 
authority level. The full datasets are freely available through the UK Data 
Archive (http"//wwwdata-archive ac uk/findingData/hseTitles. asp), based at 
the University of Essex, and the questions are held on the Question Bank at the 
Centre for Applied Social Surveys (CASS) at the University of Surrey. 
The General Household Survey (GHS) 
The GHS is a multi-purpose continuous survey carried out by the Office for 
National Statistics (ONS). The core topics are: household and family 
information, housing tenure and household accommodation, consumer durables 
including vehicle ownership, employment, education, health and use of health 
services, smoking and drinking, family information including marriage, 
cohabitation and fertility, income, demographic information about household 
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members including migration. Socio-demographic data arc collected from each 
individual interviewed, including: age, sex, ethnicity, migration, geography, 
accommodation details, tenure, country of birth, morbidity, employment, income 
and education. The data is freely available from The UK Data Archive. 
Questions are asked annually on general health, long-standing illness, limiting 
longstanding illness, acute sickness, consultations with a general practitioner or 
practice nurse two weeks before the interview, and outpatient attendances three 
months prior to the interview, and stays in hospital in the preceding year. A 
sample of approximately 13 000 addresses is selected each year and all adults 
aged over 16 are interviewed throughout the year in each responding household. 
4.2. What sources of data have been identified for the equity 
indicator of total joint replacement of the hip and knee? 
In this project, we aim to monitor equity in access to care, specifically for total 
joint replacement of the hip and knee. To explore equity across the whole 
pathway to accessing care, we require data on need for TJR in the general 
population, a measure of diagnosed need in primary care, and estimates of 
provision of TJR in secondary care. The ideal data sources for monitoring equity 
in access to care, would have the following characteristics: 
-A longitudinal sample that is continually updated. 
- Contain patient level socio-demographic data on age, sex, social class 
and/or area level deprivation, ethnicity and rurality. 
- Have a large enough sample to produce small area estimates of need or 
provision, so the data can be used by local health planners. 
- Be freely available with documentation describing how data was collected 
and what variables are contained in the dataset. 
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Unfortunately such datasets do not exist, although some such as HES come very 
close. We therefore need to identify the best sources of data currently available, 
recognising their limitations, and where necessary developing methods to 
increase their usefulness. Below we describe the datasets identified to monitor 
equity in access to TJR. 
4.2.1. Data to measure provision of TJR in secondary care 
The Hospital Episode Statistics database has been chosen as a source of 
secondary care data on all patients admitted for total joint replacement of the hip 
or knee in NHS hospitals in England, either as day cases or ordinary admissions. 
The strengths and limitations associated with using HES data to monitor access 
to care have been described earlier in this chapter. An advantage we have is that 
there is a HES database extract held in the Department of Social Medicine, at the 
University of Bristol, which currently contains data for financial years from 1st 
April 1991 to 31st March 2005. A great deal of expertise can be drawn upon 
within the department in analysing and working with this data source, and there 
is no cost involved. This would not be the case if data had to be applied for 
externally. 
Of interest is to explore whether hospital trust characteristics (i. e. available and 
occupied beds, number of consultants) explain any of the variation seen in 
provision rates. The HES data extract contains a 3-digit provider code of the 
NHS trust the patient received their operation at, allowing hospital trust 
characteristics to be linked into the dataset. In order to do this we obtained the 
following information: 
- From the HES data extract we have been able to calculate the annual 
volume of primary hip and knee replacement operations performed in 
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each NHS trust in the 2002 financial year. This was categorized into 
quintiles (five equally sized groups). 
- From the website of the British Orthopaedic Association (BOA) 
(http: //www. boa. ac. uk/BOAhome. htm), we have obtained a list of 
hospital trusts that are orthopaedic training centres. From this we have 
created a binary variable of whether or not the NHS trust is an 
orthopaedic training centre. 
- Data has been obtained from the Department of Health (DoH) Census of 
Medical and Dental Workforce, for each NHS trust in the 2002 financial 
year, on: 
o Total number of consultants. 
o Number of T&O consultants. 
o Number of Anaesthetic consultants. 
- The DoH KHO3 and KH12 returns have provided us with the following 
data for the 2002 financial year by NHS trust: 
o Average daily number of available and occupied beds. 
o Bed occupancy rate (Available/Occupied beds). 
o Number of operating theatres. 
o Number of dedicated day case theatres. 
4.2.2. Data on diagnosed need for TJR in primary care 
A source of primary care data is required that can be used to estimate diagnosed 
need for joint replacement of the hip and knee in general practice. A primary 
care dataset must satisfy a number of requirements, such as: is it possible to 
identify a group of people in need of joint replacement; can need be measured 
according to relevant socio-demographic groups; is the dataset large enough to 
estimate need in small areas; longitudinal in design/future reproducibility; cost; 
timeliness. The main concern is how to identify a group of patients that are in 
need of joint replacement. Two potential patient level data sources were 
identified in the review by MacFarlane et al 89, the General Practice Research 
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Database (GPRD) and Morbidity Statistics in General Practice 91/92 survey 
(MSGP4). 
The MSGP4 is considered the best source of patient level data as they are rich in 
socio-demographic and clinical data and are of a high quality. Consultation rates 
are presented by ICD9 disease groups, age and sex, where "Arthropathies and 
related disorders (710-719)' could be used as a crude proxy measure of need. 
Tables of age standardised patient consulting ratios (separately for age groups 0- 
15,16-64,65+) are available by sex and social class, or sex, tenure, urban/rural, 
and ethnic group, but only for an even cruder measure of need by disease group 
'Diseases of the musculoskeletal system and connective tissue (710-739)'. There 
are a number of reasons why this cannot be considered a suitable source of 
general practice data: the crude measure of need; need cannot be measured in 
small geographical areas; aside from rurality, ecological socio-demographic data 
such as deprivation are not available, limiting comparisons with rates of 
provision in HES; the most recent data is from 1991/92 and the survey is not 
going to be reproduced in the future. 
GPRD is an alternative source of patient level general practice data, that has a 
large sample size, is reproducible and ongoing, but patient level socio- 
demographic data are only available on age and sex, and the cost of accessing the 
data is prohibitive. However, alternative patient level general practice datasets 
are available (not identified in the review by MacFarlane) called QResearch 
(http: //www. gresearch. org/ ) and THIN (http: //www. el2ic-uk. org/thin. htm) 
where socio-demographic variables of deprivation and rurality have been linked 
at super output area level to patient postcodes. The cost of obtaining these 
datasets is also substantially lower for academics. The main problem with using 
these datasets is identifying patients in need of TJR. In population based studies 
such as the Somerset and Avon Survey of Health (SASH) 58 87 a New Zealand 
(NZ) score is calculated for each patient to identify their need for TJR, which uses 
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information such as severity of pain in the hip or knee and limitations in 
activities of daily living (ADL). Such information is unavailable in these general 
practice datasets. Relevant information these datasets do contain arc: whether 
patients have Osteoarthritis (OA) of the hip or knee; numbers of prescriptions for 
painkillers for joint pain; numbers of GP consultations for joint pain. However 
the difficulty lies in knowing how to use this information to identify a group of 
patients in need of TJR. Any cut-off chosen based on numbers of GP 
consultations and prescriptions for painkillers a patient with OA has over a 
certain time period is likely to be arbitrary to some extent, even if sensitivity 
analyses are used. Hence it is not feasible to use such datasets to identify 
patients in need of TJR in general practice. 
4.2.3. Data on need for TJR in the general population 
Methods to identify people in need for TJR 
Through the systematic review of the literature, on studies investigating equity 
in access to joint replacement of the hip and knee (Chapter 3), a number of 
studies were identified that have attempted to estimate the population 
requirement for TJR. Within England there are three studies from North 
Yorkshire 126 63, Somerset and Avon 58 87 and Wiltshire and Sheffield 18 64. The 
only other study identified was by Hawker et al in two areas of high and low 
utilization of joint arthroplasty (Oxford County and East York) in Ontario, 
Canada 1V 128. Various different methods are available to determine whether a 
person is in need of hip or knee replacement (as described below), but there does 
not appear to be any consensus about which method is best to use. 
Lequesne Index 
In the North Yorkshire, and Wiltshire and Sheffield studies, the Lequesne Index 
129 was used, which is an index of the severity of ostcoarthritis of the hips and 
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knees. This combines measurements of self-rated hip or knee pain, stiffness and 
disability that have been validated against clinical diagnosis and decision- 
making. It measures the discomfort and relative difficulties of subjects in 
performing activities of daily living such as using stairs, walking, getting up 
from a seat, and bending the knees. The index gives a score range of 0-24 points, 
with a threshold of 10-12 points for consideration for surgery. A threshold of 14 
points is used in the Wiltshire and Sheffield and North Yorkshire studies as an 
indication of need for a specialist opinion regarding hip or knee replacement, as 
this indicated extreme stress or disability (equivalent to Lequesne 'extremely 
severe group'). Although the Lequesne index has previously been validated 
against need as defined by clinical history taking, examination and investigation, 
a limitation is that these self-completed questionnaires are not as accurate as 
diagnosis by a clinician. In the Wiltshire and Sheffield studies a sensitivity 
analysis was carried out using a lower threshold of 11. This led to the overall 
measure of need being about 60% higher, but importantly, conclusions regarding 
inequalities in health and treatment remained the same. This highlights how 
although to some extent, the choice of threshold to indicate 'need' for TJR is 
somewhat arbitrary, as long as the relative rates remain the same for different 
choices of cut-off, the picture of inequalities in need for TJR according to different 
socio-demographic groups is the same for different thresholds, and can be 
compared to rates of actual provision to determine whether inequity in access to 
care exists. 
New Zealand score & NIH method 
The Somerset and Avon Survey of Health (SASH) assessed need for TJR using 
two published sets of criteria: the New Zealand priority criteria 130 for major joint 
replacement surgery (New Zealand score); and for hips only, the criteria agreed 
in 1995 at the US National Institutes of Health consensus conference (NIH 
method) 132. The NIH consensus conference aimed to find out the current 
indications for total hip replacement. The conclusion of the 13-member panel, 27 
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experts and audience of 425 was that candidates for elective total hip 
replacement should have moderate to severe persistent pain, disability or both, 
not substantially relieved by an extended course of non-surgical management. In 
comparison, the New Zealand score ranges from 0-100, where higher scores 
reflect more severe disease. The final composite score includes subscores on 
pain, disability, clinical findings, multiple joint disease, and ability to live 
independently. No agreed cut-off for case selection has been proposed. Cut-off 
points of 43 and 55 were selected before analysis to reflect moderate and severe 
disease. Information required to calculate the score was collected through 
interviewer-administered questionnaires on pain, stiffness, activities of daily 
living, use of health services and referral to specialist care. Clinical examination 
of the hip, knee and lower back was carried out by a physician and a team of 
nurses with orthopaedic experience. The author's preferred indicator of need 
was the New Zealand score as this reflects pain, functional activity, movement 
and deformity; whereas the NIH Consensus statement is very general and offers 
less precision. In a pilot study of the New Zealand score, agreement of the 
developed criteria with overall clinical judgement was found to be excellent. The 
preferred cut off to indicate need for surgery was 2 55, as for hip replacement, 
required surgical activity exceeds current activity by 6%, after accounting for 
fitness for surgery, completion of a trial of medication, and willingness to 
undergo surgery. 
WOMAC Index 
For the study in Ontario, Canada, need was assessed using the Western Ontario 
and MacMaster Universities Osteoarthritis Index (WOMAC) 131. The WOMAC 
score ranges from 0 (no pain or disability) to 100 (most pain and disability). As 
there are no accepted criteria to determine need for joint arthroplasty a 
conservative cut-off of 39/100 was used, representing the 25% percentile of 
scores for patients undergoing arthroplasty in Ontario (so 75% of people 
undergoing arthroplasty have WOMAC scores Z 39/100). In phase Ia 
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questionnaire was sent to residents of the two areas asking about the presence of 
symptomatic joints. Respondents were invited to complete a phase II 
questionnaire if they had moderately severe hip or knee problems. In phase III a 
random sample of people in need of joint arthroplasty was selected to calculate 
the proportion with radiographically and clinically confirmed hip or knee 
arthritis to modify estimates of need for surgery. 
Further methods 
Other methods identified in the review (Chapter 3) that could be used to classify 
people in need of hip replacement are the Oxford Hip Score (OHS) 133 and Hip 
Rating Questionnaire (HRQ) 134. Fitzpatrick et a1141 used the OHS when 
examining variations in practice of primary THR. The OHS was developed to 
assess health status and outcomes of THR, containing 12 items and is most 
appropriate to use in older people, with higher scores denoting worse pain and 
functional impairment. The score has been validated in terms of reliability, 
validity and responsiveness to change over time. Blake et al 138 used the HRQ to 
assess the severity of hip disease. The HRQ is a disease specific scale shown to 
be valid and reproducible, and responsive to clinical change in functional status. 
Four equally weighted domains measuring pain, ability to walk, ability to 
perform daily functions, and the impact of hip symptoms on global function, 
form a score ranging from 16 (worst condition) to 100 (best condition), where an 
individual with a score of 100 is considered as being functionally independent 
without any pain. 
Data sources chosen to estimate need for TJR 
Somerset and Avon Survey of Health (SASH) 
There are currently three English population based studies from North Yorkshire 
12663, Somerset and Avon 58 87 and Wiltshire and Sheffield 18 64, that can be used to 
identify patients in need of TJR surgery. The strengths and limitations of these 
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studies have previously been described in chapter 3. We have chosen to use the 
SASH study in order to estimate need for primary hip and knee joint 
replacement. There are a number of reasons for this. Firstly, the study is based 
in the Department of Social Medicine at the University of Bristol. We have free 
access to the dataset, study questionnaires, and advice as to how the study was 
conducted and the New Zealand score created. Whilst it would have been 
possible to contact the North Yorkshire and Wiltshire & Sheffield studies, to ask 
permission for access to their data and questionnaires, there are constraints in 
terms of time taken to obtain access to the data, and user support. Secondly, 
unlike the other studies, SASH used data from clinical examinations, rather than 
relying on self-reported questionnaires alone, and these are incorporated into the 
New Zealand score. Thirdly, estimates of need can be adjusted according to 
patients' willingness and fitness for surgery. 
SASH was a population-based survey conducted in the former English counties 
of Avon and Somerset in 1994/1995. The sample was selected to be 
representative of the population of England aged over 35. It was obtained by a 
multistage sampling strategy 151 of 28080 people aged 35 and over from 40 family 
doctors (general practices) in the former English counties of Avon and Somerset. 
After checking the names and addresses with the general practices, those who 
had died, moved out of the area, or who had a terminal illness or severe mental 
illness were removed from the sample. 
Questionnaires were completed on symptoms of hip or knee pain and stiffness, 
co-morbidity, limitations to activities of daily living, previous use of health 
services, respondents' preferences and priorities for treatment and health care, 
quality of life, and indicators of socioeconomic status. A full clinical examination 
of the hip, knee, and lower back was carried out by a medically trained 
researcher and a team of nurses with orthopaedic experience who had 
undergone a standard training programme and who followed an examination 
schedule. If clinically significant hip or knee disease was discovered at the clinic, 
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and the individual had not undergone radiography as part of routine NHS care 
within the preceding 6 months, study participants were invited for a radiograph 
(anterior-posterior standing) of the joint. For patients who had lately undergone 
radiographic examination, copy films were obtained. The films were 
subsequently assigned a Kellgren and Lawrence 152 score of 0-4 by two 
rheumatologists. 
For people with hip or knee pain, the severity of their joint disease has been 
assessed using the New Zealand priority criteria for major joint replacement 
surgery (New Zealand Score) 130. This is a continuous score from 0 to 100 
comprising of four main components: 
- Degree and occurrence of pain (40 points) 
- Functional limitations (20 points) 
- Pain on examination and other abnormal findings (20 points) 
- Involvement of other joints and degree to which independence was 
threatened (20 points) 
The published set of clinical features and scores for the New Zealand Criteria is 
given in Appendix 4.1. Information contained in the questionnaires of the 
detailed clinical examination of patients with hip or knee pain was used to assign 
people a New Zealand Score. As the aim of the study was to assess the 
population requirement for primary joint replacement, respondents who reported 
a previous hip/ knee replacement on the same side as reported symptoms were 
excluded from analyses. Higher scores reflect more severe disease, and a cut-off 
of 55 has been selected to identify those in need of joint replacement. 
Within the SASH study the radiographic findings could not be formally 
incorporated into the New Zealand Score, because of the well-known uncertainty 
about the relationship between radiographic findings and symptoms, and 
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because of the lack of certainty as to how best incorporate radiographic findings 
into the New Zealand criteria. 
The SASH study has a number of strengths that make it a useful source of data 
for monitoring access to TJR: 
- It was designed to estimate the population requirement for primary hip and 
knee replacement surgery. 
- Although there is no consensus about which method is best for identifying 
patients in need of TJR, the SASH study uses the New Zealand score, which 
uses data from clinical examinations rather than relying on information from 
self-reported questionnaires as in other studies. 
- Detailed socio-demographic information is available such as patient age, sex, 
ethnicity and social class. 
- Further ecological information can be linked to the dataset through patient 
postcodes, such as deprivation scores. 
There are a number of limitations to the SASH data: 
- Study participants all come from a specific geographical area (the former 
counties of Avon and Somerset). This has two implications when estimating 
need for TJR: 
1. Our aim is to estimate need according to different socio-demographic 
groups (age, sex, deprivation, ethnicity, rurality), but rates of need may 
vary geographically over and above that explained by these variables. 
Multilevel modelling methods are required to estimate whether such 
geographical variation exists, and would need a nationally representative 
dataset. 
2. SASH study participants consist of people of higher social class who 
consider their ethnicity to be White, which is not representative of the 
national population. The relationship between rates of need with the 
various socio-demographic domains may also vary geographically. If, 
for example, we found no association between rates of need for TJR and 
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area level deprivation, this may be due to the area SASH study 
participants live in, or a reflection of the higher social class of the SASH 
sample. If we were to instead use a nationally representative sample, 
evidence of such an association might become apparent. 
SASH is also limited in terms of its reproducibility. This is a detailed one-off 
population needs assessment that is unlikely to be repeated in the future. As 
the study was carried out in the early 1990s estimates of prevalence of need 
for TJR obtained may already be getting out of data. The future 
reproducibility of data used for health equity audit is important. If in an 
initial audit evidence of inequity in access to TJR is found, the idea is that 
health planners then take action to tackle the problem. The equity audit 
would then be repeated in the future to see if the problems have been 
resolved. However it would not be possible to update estimates of need 
using SASH for future equity audits. 
A further limitation arises due to the multistage sampling strategy (as 
described in methodology chapter 6), through having to use sampling 
fractions in order to create a denominator for the calculation of prevalence 
rates. This limits the number of variables we can include in the model due to 
the small sample size and the level of precision sampling fractions are 
calculated with. 
English Longitudinal Study of Ageing (ELSA) 
Clearly there are limitations in using SASH to explore inequalities in the need for 
TJR surgery. Most importantly, as the SASH study was conducted in a 
geographically small area, it limits our ability to explore whether rates of need 
vary geographically. What is required is a large ongoing nationally 
representative sample that can be used to estimate need for TJR. Having 
explored the various available population based surveys, the English 
longitudinal Study of Ageing (ELSA) was identified as the only potential data 
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source. Other surveys such as the HSE cannot be used, as it is not possible to 
identify people in need of TJR. 
ELSA is a study of people aged 50 and over and their younger partners, living in 
private households in England. The sample was drawn from households that 
had previously responded to the Health Survey for England (HSE) in 1998,1999 
or 2001 (23,132 responding households). The HSE 1999 also included a boost 
sample that represented ethnic minorities. Households were removed from the 
HSE sampling frame if there was no adult of 50 years or over in the household at 
the beginning of March 2002 (in time for the start of ELSA), who had agreed to be 
re-contacted in the future. This left 11,578 households containing 18,813 eligible 
individuals. 
There are to be several waves of the ELSA. The aim is to interview the same 
group of people every two years to measure changes in their health, economic 
and social circumstances. Wave 1 was conducted between March 2002 and 
March 2003, and is currently available from the Economic and Social Data Service 
(ESDS). The ELSA Wave 1 Core data file contains information from individual 
interviews and self-completion questionnaires from the 12,100 ELSA 
participants. Wave 0 will contain data for the ELSA sample members from the 
HSE datasets. The ELSA wave 0 and wave 1 datasets have been obtained from 
the Economic and Social Data Service (ESDS) website 
(httv: / /www. esds. ac. uk/longitudinal/access elsa 15050. asp). 
ELSA contains three different types of individual who were invited to take part 
in the study: core sample members (11,392), younger partners (636) and new 
partners (72). Weights were calculated for the core sample members, and 
analysis is to be conducted on weighted data only to reduce bias from non- 
random non-response, to make the respondent sample more representative of the 
population. Therefore only the 11,392 core sample members are included in the 
analyses. 
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For the patients in the ELSA dataset, we want to determine whether they are in 
need of TJR. As the Health Module of the ELSA contains information on severity 
of joint pain and activities of daily living, we could attempt to assign subjects a 
New Zealand Score. By going back to the original SASH questionnaires, and 
determining how the information contained in them was used to create a New 
Zealand Score, we can match these questions as closely as possible to those in 
ELSA. In this way a New Zealand Score can be created in ELSA using the same 
methods and methodology used in the SASH study. Unfortunately the 
questionnaires used for the ELSA dataset do not contain any of the information 
in the section on'pain on examination and other abnormal findings' as they have 
not conducted an orthopaedic examination. However we will still be able to 
create a score out of 80, as used in some other SASH analyses 9414° where the 
reason given for doing this was that not all clinic attenders were able to be 
examined or have radiology. When analysing the SASH dataset, we will conduct 
a Receiver Operating Characteristic (ROC) curve analysis to determine what the 
threshold/cut-off should be for the New Zealand score out of 80, in order to 
identify whether people in ELSA are in need of joint replacement surgery. 
The strengths of using ELSA as a measure of need in monitoring access to care 
for TJR are that: 
- As information is available on severity of hip and knee pain and ADL it is 
possible to use a proxy New Zealand score to identify people in need of hip 
and knee replacement. 
- It is a large nationally representative population-based sample, containing 
detailed individual socio-demographic data such as age, sex, social class and 
ethnicity. 
- Geographical identifiers are available under secure arrangements, allowing 
ecological variables and identifiers to be linked in. Hence we can explore 
whether there is geographical variation in rates of need for TJR. 
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The main limitations are: 
- The ELSA study was not specifically designed to identify patients in need of 
TJR, although we have been able to create a proxy New Zealand score to 
identify those in need. 
- The information is obtained from self-reported questionnaires, unlike the 
detailed clinical assessments used in SASH. 
- Unlike in SASH, we are not be able to assign side-specific New Zealand 
scores to right and left hips and knees as this information is not available. 
Nor can we restrict the estimate of need to be for primary operations only. 
Although there is information on previous operations for those aged over 60, 
we do not know which side the operation relates to, so for example if the 
operation was on the left hip, they may still be in need of an operation on the 
right hip. 
- Another limitation is that whilst ELSA is a nationally representative source of 
data that can be used to estimate need for TJR, it is not large enough in itself 
to predict need in small areas of England. However as we later demonstrate, 
it is possible to develop methods to enhance the usability this data source, 
and by combining estimates from ELSA with population counts from the 2001 
census it is possible to generate small area predictions. 
-A final limitation of ELSA is in terms of its reproducibility, as this is a one-off 
study like SASH. Although if it can be demonstrated to be a viable source of 
information for generating small area predictions of need that can be used in 
healthcare planning, the questions required to create a New Zealand score to 
identify people in need of TJR could potentially be included in the HSE such 
that analyses can be reproduced in the future. 
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CHAPTER 5. DATA CLEANING AND 
PREPARATION 
5.1. Provision data: HES 
Data on all hip and knee replacement operations occurring in the HES financial 
year 2002 were extracted from the HES data extract (Financial year 2002 was 
chosen as this was the most recent year of data available when the request was 
made). Episodes involving total joint replacement surgery were identified as 
those with any of the following OPCS4 (Classification of Surgical Operations and 
Procedures) codes W37, W38, W39 (hip joint) or W40, W41, W42 (knee joint) 
recorded in any of the four procedure fields), which contain information about a 
patient's operations. The data extracts were cleaned to remove duplicate records. 
A number of exclusions were made to the data extract, in an attempt to remove 
potential case mix issues from the sample, such as operations being performed 
for reasons such as bone cancer, trauma, fracture, emergency admissions, and 
revisions. Such people are clearly different to those receiving planned elective 
surgery. 
- Revision operations were identified as episodes having any of the above 
procedure codes plus a primary diagnosis indicating complications due to 
internal prostheses, ICD10 (International Statistical Classification of Diseases, 
Injuries and Causes of Death) codes T84 or T85. 
- Episodes containing a diagnostic code indicating cancers of the hip and knee 
bones (ICD-10 codes: C40, C795) in any of the seven diagnostic fields that 
contain information about a patient's illness or condition. 
- Diagnostic codes indicating fracture of the hip and knee bones in any of the 
seven diagnostic fields (ICD-10 codes: S321, S322, S323, S324, S325, S327, S328, 
S72, S82) 
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- Codes indicating other injuries due to trauma, such as transport accidents and 
falls (External cause ICD10 code: V01-V99, WOO-W19) 
- Only elective admissions are to be included in analyses; those where the 
admission type is coded as emergency or missing are excluded. 
- Analyses are restricted to persons aged 50 years or over. There are a number 
of reasons for this. Primarily, as we intend to validate the estimates from HES 
with those from the English Longitudinal study of Ageing (ELSA) which only 
contains people aged 50 years and over. Secondly, need for hip and knee 
joint replacement is low in those aged under 50 58, and finally for consistency 
with existing research, as the majority of prior and current studies focus on 
those in the older age groups. 
This forms a dataset containing 36,687 primary hip replacement, and 38,727 
primary knee replacement operations. 
5.1.1. Patient level data 
HES only contains patient level information on age and sex. If this data was 
missing or unknown patients were excluded. Whilst ethnicity is recorded it is 
too incomplete to be used in analysis. Analysis was restricted to patients aged 50 
years or over, and we have created 5-year age groups of 50-54,55-59,60-64,65- 
69,70 to 74,75-79,80-84 and 85 and over. 
5.1.2. Ecological data 
Denominator 
The HES extract contains counts of the number of primary joint operations by 
age and sex (numerator). In order to calculate provision rates, denominator data 
is required in the form of population estimates. 
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Data from the 2001"Census is'available from the NOMIS website of the. ONS, .. 
(http: //www. nomisweb. co. uk) where we have downloaded population counts,,, 
by 5-year age groups, sex, and Census Area Statistics (CAS) ward. i Population 
data from the 2001 Census is also available for smaller geographical areas such as 
, Output Areas (OA). 'The geography, used for the. 2001 Census was based on OA, 
where pöstcodes existing at the date of the census were used to create OAs. ' OAs 
represent the lowest level of geographical area. From, this higher levels of --,,, 
geography can be produced; the first six characters of the OA represent, the 
CASward code, the first four digits are the district, and the first two digits the 
county/Unitary authority (UA) code. 
Further information on the geography of the 2001 census is available on the 
National Statistics website 
http: //www. statistics. gov. uk/geography/census geog. asp. In brief, there are 
175,434 OAs in England, with a minimum size of 40 resident households and 100 
resident persons. Census OAs are designed to'fit into 2003 Statistical Wards, but 
most 2001 Census outputs use Census Area Statistics (CAS)'wards, which are a 
subset of 2003 statistical wards. CAS wards are identical to the 2003 statistical 
wards except that 18 of the smallest wards (all in England) have been merged 
into other wards to avoid the confidentiality risks of releasing data for very small 
areas. This has occurred to those wards with fewer than 100 residents or 40 
households (as at the 2001 Census). There are a total of 7969 CAS wards in 
England. In addition, Census outputs use StandardTable (ST) wards, a subset of 
CAS wards, such that those with fewer than 1000 residents or 400 households 
have been merged. There area total of 7932 ST wards in England. Whilst new 
sets of statistical wards come into effect each April, the CAS wards and ST wards 
were one-off sets specifically designed for 2001 Census outputs. A lot of the 
information produced in the 2001 Census is released by STwards, however there 
is a one-to-one lookup table to link the information to CASwards. 
-- 
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Super Output Areas (SOAs) are a new geographic hierarchy; their first statistical 
application being for the Indices of Deprivation 2004. As electoral wards vary 
greatly in size, from fewer than 100 residents to more than 30,000, SOAs were 
developed from groups of the OAs used for the 2001 Census, such that the SOAs 
would be of consistent size and whose boundaries would not change. There are 
32,482 lower level SOAs in England, with a minimum population of 1000 and 
mean of 1500. Future data will be released according to SOAs to prevent issues 
of boundary changes. 
Figure 5.1. Geographical areas used in 2001 census data 
England 
Government Office 
Region (GOR) (9) 
Unitary Authority County (239) 
(UA)(115) 
District (354) 
Census Area Statistics 
(CAS) ward (7,969) 
2003 Statistical ward 
(7,987) 
Output Area (OA) 
(165,665) 
Standard Table (ST) 
ward (7,932) 
Lower Level Super 
Output Area (SOA) 
(32,482) 
Although it is possible to obtain population estimates by 5-year age groups and 
sex down to OA level, the actual counts in each of these groups can be very 
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small, and will result in a large number of groups with 0 counts. For the 
purposes of the statistical analysis of this HES data, we will use population 
counts by 5-year age groups, sex and CASward as the denominator to allow 
calculation of provision rates. As the denominator is estimated at CASward 
level, all ecological variables to be linked to the HES dataset must now also be 
estimated at CASward level. 
Area level socio-demographic data 
To obtain area level information the HES data extract was linked by postcode to 
the Office of National Statistics (ONS) All Fields Postcode Directory (AFPD), now 
known as the National Statistics Postcode Directory (NSPD) 
h=: //www. statistics. gov. uk/geoglal2hy/nsl2d. a§p. From this we have 
obtained the Census Area Statistics (CAS) ward that the patient lives in, so that 
we can link the data extract to information from the 2001 census. 
The Index of Multiple Deprivation (IMD) 2004 was obtained from the website of 
the Office of the Deputy Prime Minister (ODPM). The Index has been 
constructed by the Social Disadvantage Research Centre at the University of 
Oxford. The overall IMD2004 index was constructed by combining seven 
domain indices of deprivation using the following weights: Income (22.5%), 
Employment (22.5%), Health Deprivation and Disability (13.5%), Education, 
Skills and Training (13.5%), Barriers to Housing and Services (9.3%), Crime 
(9.3%), Living Environment (9.3%). This index has been constructed at the Lower 
Level Super Output Area (SOA). The index has since been recalculated to a 
higher level of geography, from SOA to ST wards, by the Social and Spatial 
Inequalities Group, Department of Geography, University of Sheffield. 
We have generated quintiles of deprivation based on the IMD2004 Index, where 
1 is the least deprived and 5 the most deprived (Table 5.1). As the population of 
each census ward varies in size, deprivation quintiles have been weighted 
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according to the CAS ward population. This means that the CASward 
population of the 5 deprivation quintiles are of approximately equal size; by not 
weighting we would instead have had the same number of observations 
(STwards) in each deprivation group. We have then assigned this IMD2004 score 
to the CAS ward that the patient lives in. 
An indicator of Rurality is available to download from the ONS website at 
various different levels of geography. For this analysis we have used the 
Urban/ Rural indicator generated at CASward level. This was combined into 
three categories (Urban z10k; Town & Fringe Areas; Village, Hamlet and 
Isolated dwellings. This rurality indicator was then linked to the CASward that a 
patient lived in (Table 5.1). 
Data was obtained from the 2001 Census through the ONS NOMIS website 
containing population counts by 5-year age groups, sex and ethnic group for 
STwards. The data was simplified by collapsing the data into ethnic groups of 
White, Asian, Black, Other. From this we calculated the proportion of the 
population living in an STward from each of these four ethnic groups. From this 
a variable of the ethnic mix of the STward was created using the following 
definitions: 
White - The proportion of the population in the STward is 2: 10% 
White &50.5% Black, Asian or Other. 
Asian - Proportion of the population is z10°ß White &S 10% Asian 
&50.5% Black and Other. 
Black - Proportion of the population is z10% White & 510% Black 
&50.5% Asian and Other. 
Other - Proportion of the population is X10% White & 510% Other 
& 50.5° Asian and Black. 
Mixed - All remaining groups. 
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We have then linked this variable containing the ethnic mix of an STward to the 
CASward a patient lives in (Table 5.1). 
Table 5.1. Descriptive statistics for CASward ecological variables 
Number (%) 
IMD2004 Deprivation quintiles: 
Least deprived 2138 (26.8%) 
2 2010 (25.2%) 
3 1600 (20.1%) 
4 1225 (15.4%) 
Most Deprived 996 (12.5%) 
Ethnic mix of the area: 
White 1922 (24.1%) 
Asian 1027 (12.9%) 
Black 305 (3.8%) 
Other 446 (5.6%) 
Mixed 4269 (53.6%) 
Rurality: 
Urban >10k 5237 (65.7%) 
Town & fringe 1139 (14.3%) 
Village/isolated 1593 (20.0%) 
Total: 7969 (100.0%) 
Table 5.2 describes how these ecological CASward level variables are related to 
one another. We can see how the majority of deprived wards are in Urban areas 
whilst the least deprived wards are in more rural areas. A higher proportion of 
the least deprived wards are in Asian and Other areas compared to the most 
deprived wards. Both the least and most deprived wards contain fewer people 
in predominantly white areas, compared to the middle deprivation quintiles. 
Rural areas appear to contain greater numbers of wards that are mainly White, 
Asian, Black or Other, whilst the majority of wards in Urban areas are mixed. 
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Table 5.2. Two-way summary tables describing the relationship between 
deprivation, rurality and the ethnic mix of the area 
Rurality: 
Urban >10k Town & fringe Village/ isolated 
Number (%) Number (%) Number (%) 
IMD2004 Deprivation quintiles: 
Least deprived 1108 (51.8%) 460 (21.5%) 570 (26.7%) 
2 1012 (50.3%) 347 (17.3%) 651(32.4%) 
3 1077 (67.3%) 199 (12.4%) 324 (20.3%) 
4 1077(87.9%) 101 (8.2%) 47(3.8%) 
Most Deprived 963(96.7%) 32(3.2%) 1(0.1%) 
Ethnic mix of the area: 
White Asian Black Other Mixed 
Number (%) Number (%) Number (%) Number (%) Number (96) 
IMD2004 Deprivation quintiles: 
Least deprived 405 (18.9%) 311(14.5%) 66 (3.1%) 142 (6.6%) 1214 (56.8%) 
2 628 (31.2%) 281(14.0%) 81(4.0%) 138 (6.9%) 882(43.9%) 
3 486 (30.4%) 189 (11.8%) 68 (4.3%) 93 (5.8%) 764 (47.8%) 
4 256 (20.9%) 153 (12.5%) 44 (3.6%) 48 (3.9%) 724 (59.1%) 
Most Deprived 147(14.8%) 93(9.3%) 46(4.6%) 25(2.5%) 685(68.8%) 
Rurality 
Urban >10k 677 (12.9%) 578 (11.0%) 157(3.0%) 209 (4.0%) 3616 (69.0%) 
Town & fringe 437 (38.4%) 190 (16.7%) 61(5.4%) 118 (10.4%) 333 (29.2%) 
Village/isolated 808 (50.7%) 259 (16.3%) 87(5.5%) 119 (7.5%) 320 (20.1%) 
Exploring clustering of ecological data across districts 
As described earlier, there are 7969 CASwards in England that are nested within 
354 districts (Appendix 5.1). All of the ecological variables are estimated at 
CASward level. We now look for evidence of clustering of these CASward 
ecological variables, across districts, to see if the patterns of deprivation, rurality 
and the ethnic mix of the area observed at CASward level differ across districts. 
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Looking at deprivation, in some districts such as South Cambridgeshire (12UG) 
all of the 34 CASwards within the district are affluent. In other districts like 
North Somerset (OOHC) there is wide variation in the deprivation profile of the 
CASwards in this district. 16 wards are in the least deprived quintile, 13 wards 
are in deprivation group 2,4 wards are in group 3,1 ward is in group 4, and 2 
wards are in the most deprived areas. At the other extreme, all of the 20 
CASwards in Newham are classified as the most deprived areas. Hence there is 
some evidence that the deprivation profile of CASwards in each district, varies 
across districts in England. 
Variations in the rurality profile and ethnic mix of each district is also apparent. 
For example all the wards in the district Fareham are classed as Urban, other 
districts have a mix of urban and rural wards. In Berwick-Upon-Tweed the 
ethnic mix of all wards is classified as White, whilst the ethnic mix of other 
districts is more mixed. 
5.1.3. Statistical methods 
In order to carry out a Poisson regression analysis to estimate rates of provision 
of TJR, the dataset will be collapsed down into a cross tabulation of counts by 5- 
year age groups, sex, and CASwards. The ecological variables of IMD2004 
deprivation quintiles, rurality, and ethnic mix of the area, are all estimated at 
CASward level, and hence are included in this cross tabulation. The 
denominator data is population counts by 5-year age groups, sex, and 
CASwards. The population data of all 7969 CASwards must be included in the 
analysis, even if no patients in a CASward have had a hip or knee replacement 
operation. Otherwise the denominator is underestimated. 
There are two aims to the analysis of HES data: 
1. Explore inequalities in the provision of TJR 
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- Firstly, a Poisson regression analysis will be conducted to estimate rates of 
provision of TJR by the socio-demographic domains: age, sex, deprivation, 
rurality and the ethnic mix of the area. The modelling strategy is described in 
figure 6.7 in methodology chapter 6. Hip and knee models are analysed 
separately. 
- Secondly we explore whether hospital trust characteristics and measures of 
distance explain any of the variation seen in provision rates, by adjusting for 
them in the Poisson regression model as CASward level variables. 
Methodology chapter 6 explains how these variables were created. 
Likelihood ratio tests will be used to see if they improve the fit of the model, 
and variables are only included if they improve model fit. Backwards 
selection will be used, by fitting the full model, and then exploring whether 
there is evidence a covariate can be removed if it does not improve model fit. 
Finally, we produce a map of predicted overall rates of provision in each 
district in England, adjusted for socio-demographic, hospital and distance 
variables, that take account of additional geographical district level variation 
that remains unexplained. Generating district level predictions is explained 
in methodology chapter 6. 
2. Produce small area predicted rates of provision of TJR for equity analyses 
- To determine whether equity in access to TJR exists, we want to compare 
rates of provision from HES, with rates of need from ELSA, according to 
different socio-demographic groups. We can only compare variables that are 
common in both datasets, so analysis must be restricted to age, sex, 
deprivation, rurality and ethnicity. The Poisson regression analysis is 
therefore repeated including only these variables, together with all important 
two-way interactions. 
- The overall predicted rate of provision in each of the 354 districts in England 
is displayed on a map, now unadjusted for hospital and distance variables, to 
later compare with a map of need, to visually determine whether inequity 
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exists. Hospital and distance variables may explain why inequity occurs, so 
adjustment may alter the pattern seen. 
- For later equity analyses, we will combine small area estimates of need and 
provision in a single log-linear regression model, comparing rates of need to 
provision producing equity rate ratios. The provision data required for this 
model are predicted rates of provision of TJR in each age-sex-CASward group 
in England. Methodology chapter 6 outlines how these small area predictions 
are produced. 
5.2. Need data: SASH 
An initial postal screening questionnaire was sent to 26046 people containing 
questions on general health, socio-demographic indicators, and detailed 
questions on the symptoms of hip and knee disease. 22 978 (88%) of people 
responded to the postal survey. A modified version of the question used in the 
American Health and Nutrition Examination Survey (HANES) 153 was used to 
screen responders for hip and knee pain. 22204 people provided usable 
responses to the hip-screening question, with a total of 3169 (14%) reporting hip 
pain. 22379 people gave usable responses to the knee question with 4799 (21 %) 
reporting knee pain. 
Those reporting hip or knee pain on the postal screening questionnaire were 
invited to attend a study clinic for an assessment of their joint disease. They 
completed a detailed, interviewer-administered questionnaire about symptoms 
of pain and function in the hip, knee and lower back. Individuals too unwell to 
attend clinics were interviewed at home. The clinical assessments were 
conducted in two phases according to the geographical locations of practice 
populations 58 87: 
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Hip pain 
During the first phase, the first 710 individuals reporting hip pain of any 
sort, whether attributed to the hip or to the lower back, were invited for 
clinical assessment (from a possible total of 1081 from those practices who 
reported hip pain on the questionnaire). During the second phase, 2088 
individuals reported hip pain, but those who were certain that their hip 
pain was attributable solely to disorders of the lower back (n=780) were 
excluded. In this phase, the remaining 1308 respondents were invited for 
clinical assessment. A total of 1405 (69%) people attended a study clinic or 
were given a home visit. 
Knee pain 
During phase 1, the first 1249 participants who reported knee pain were 
invited for examination. During phase 2,2062 participants were invited. In 
this phase, 904 participants under the age of 65 years were excluded from 
invitation because their walking capacity was not severely limited (self- 
reported walking time an hour or more) or was limited due to self-reported 
conditions unrelated to joint disease. 2117 attended the examination. 
5.2.1. Patient level data 
The SASH dataset contains the following patient level socio-demographic 
variables: 
- Age (35-39,40-44,45-49,50-54,55-59,60-64,65-69,70-74,75-79,80-84,85+) 
- Gender (Male, Female) 
- Social Class (I - Professional, II - Managerial & Technical, III N- Skilled - non- 
manual, III M- Skilled - manual, IV - Partly skilled, V- Unskilled) 
- Ethnicity (White, Black Caribbean, Black African, Black other, Chinese, 
Pakistani, Bangladeshi, Indian, Other) 
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5.2.2. Ecological data 
Patient postcodes have been linked to the NSPD to identify the CASward and 
district they live in. The following ecological variables have been linked to the 
CASward a patient lives in: 
- IMD2004 Deprivation quintiles (Least deprived, 2,3,4, Most deprived) 
- Rurality (Urban >10k, Town & Fringe, Village/Isolated) 
- Ethnic mix of the area (White, Non-White) 
5.2.3. How New Zealand Score was created in SASH 
Having obtained the SASH dataset, we need to work out how the New Zealand 
Score had been created for people in SASH that attended detailed clinical 
assessment of the hip and knee. A number of old SAS program files and datasets 
were identified that were used to create New Zealand Scores in the SASH study. 
Using the statistical software Stata 9.2 we have therefore worked through these 
program files, locating the original SAS datasets for the clinical questionnaires, 
converting them to Stata datasets. We have identified which questions in the 
clinical questionnaires have been used, and how they have been recoded and 
then mapped to the New Zealand Score criteria. A summary of which questions 
were used, which questionnaires they are from, and how they have been mapped 
to the New Zealand priority criteria, is given in Appendix 5.2.1 for people with 
hip pain and Appendix 5.2.2 for those with knee pain. New Zealand scores have 
been created separately, for both the right and left hand sides, for hips and knees. 
For patients assigned New Zealand scores on both sides, the maximum score has 
been used for analysis. 
To be consistent with later analyses of ELSA data, subjects in the SASH study 
with hip or knee pain, that attended the clinical assessment, have been assigned a 
New Zealand score out of 80 to measure the severity of their hip or knee disease. 
ROC curve analysis (described in chapter 6) identified a cut off of z48 out of 80 to 
classify those whose hip or knee disease is severe enough to warrant surgery. At 
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this stage we have assigned New Zealand scores to side-specific hips and knees. 
Of the 1405 people with hip pain attending clinical examination 104 (7.4%) were 
not assigned a New Zealand score to their right hip, 88 (6.3%) not assigned to the 
left hip. Likewise, for the 2103 attending clinical assessment for knee pain, 109 
(5.2%) were not assigned a New Zealand score to the right knee, 112 (5.3%) to the 
left knee. 
The following approach is used to decide whether people with missing New 
Zealand scores are in need of hip or knee replacement. Not doing so could lead 
to an underestimation of the population requirement for joint replacement. 
1. All variables used to create the New Zealand score out of 80 containing 
missing values were given a score of 0. If a subject still had a NZ 
score>=48, they were considered in need of joint replacement. 
2. All variables with missing values were assigned the maximum 
possible value. If a subject still had a scorc<48, they arc considered not 
in need of joint replacement. 
Using this approach the majority of people could be identified as being in need 
of joint replacement. 
5.2.4. Exclude previous joint operations 
As we intend to estimate need for primary joint replacement, we need to exclude 
people who have already had a previous side specific hip or knee replacement 
operation from the estimate of need. Using information in the SASH 
questionnaires all people having a previous TKR on the right side will be 
considered not in need of primary TKR, likewise for left knee, right hip and left 
hip. 
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Table 5.3. Summary of estimation process identifying subjects as to whether 
they are in need of hip or knee joint replacement 
Right Hip Left Hip Right Knee Left Knee 
Initial estimates of need: 
NZ score <48 1212 (86.3%) 1226 (87.3%) 1775 (84.4%) 1793 (85.3%) 
NZ score >=48 104 (7.4%) 88 (6.3%) 219(10.4%) 198 (9.4%) 
Missing 89 (6.3%) 91(6.5%) 109(5.2%) 112 (5.3%) 
Derived values: 
(1) 2 3 8 5 
(2) 66 68 68 74 
Missing 21(1.5%) 20 (1.4%) 33 (1.6%) 33 (1.6%) 
Previous ioint overation: 
11 9 9 6 
Revised estimates of need: 
No 1289 (91.7%) 1303 (92.7%) 1852 (88.1%) 1873 (89.1%) 
Yes 95 (6.8%) 82 (5.8%) 218 (10.4%) 197 (9.4°%) 
Missing 21(1.5%) 20 (1.4%) 33 (1.6%) 33 (1.6%) 
Overall estimates of need for joint surgery: 
No 1248 (88.8%) 1805 (85.8%) 
Yes 141(10.0%) 271(12.9%) 
Missing 16 (1.1%) 27(1.3%) 
Total 1405 (100.0%) 2103 (100.0%) 
5.2.5. Denominator 
Now we have identified whether people attending clinical assessment are in 
need of primary hip or knee replacement, we want to estimate prevalence rates 
of need in the general population according to socio-demographic groups. A 
number of individual and area level socio-demographic variables are available in 
the SASH dataset. However, in later analyses, we wish to determine whether 
there is inequity in access to healthcare by comparing estimates of need from 
SASH with those on provision from HES. The only socio-demographic 
information available in HES is on age, sex, area level deprivation, rurality and 
the ethnic mix of the area. In order that future comparisons with HES data be 
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made using the same variables, we will estimate prevalence rates of need for 
joint replacement in SASH by these variables only. 
Unfortunately, due to the way data has been collected in SASH it is unclear what 
the denominator should be, as seen below (Figure 5.2). Not all people with hip 
or knee pain attended the clinical assessment, hence we do not have a 
denominator to estimate population prevalence. However instead, we can 
estimate a denominator for the calculation of prevalence rates by age, sex, 
deprivation, rurality and ethnic strata, by creating sampling fractions for each of 
these strata (see chapter 6). For analysis, we currently have the following socio- 
demographic strata: age in 5-year groups (11), sex (2), deprivation in quintiles (5), 
rurality (3), and the ethnic mix of the area simplified as White, Non-White areas 
(2). This represents 660 possible strata. Due to the small numbers of people 
attending clinical assessment (1405 hip, 2103 knee), if we were to attempt to 
estimate sampling fractions according to each of these 660 possible strata, the 
sampling fractions would be estimated very imprecisely, or there may not 
actually be anyone in a particular stratum such that sampling fractions cannot be 
calculated for those strata. To overcome this problem, we need to identify which 
of the socio-demographic variables are important predictors of people with hip 
or knee pain attending the clinical assessment by conducting a logistic regression 
analysis (see chapter 6). Then only create sampling fractions according to these 
variables. 
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Figure 5.2. SASH study patient flows diagram 
Original stratified random sample 
28,080 
Included in definite sample 
26,046 (100%) 
1 Respondents to screening questionnaire 
22,978 (88.2%) 
4z Usable responses to HANES hip pain question 
22,204 (85.2%) 
7.444 in phase I 14,760 in phase II 
Reported hip pain Reported hip pain 
1,081 (14.5%) 2,088(14.1%) 
Assessed at clinic / home Assessed at clinic / home 
visit visit 
471 (43.6%) 934(44.7%) 
New Zealand score 
assigned: 
420 right / 419 left hip 
New Zealand score 
assigned: 
896 right / 895 left hip 
New Zealand score 
derived: 
40 right / 41 left hip 
New Zealand score 
derived: 
28 right / 30 left hip 
Overall proportion in need of 




1 Usable responses to HANES knee pain question 
22,379 (85.9%) 
7.538 in phase I11 14.841 in phase II 




Assessed at clinic / home Assessed at clinic / home 
visit visit 
793 (44.0%) 1,310 (43.7%) 
New Zealand score New Zealand score 
assigned: assigned: 
721 right/ 719 left knee 1273 right / 1272 left knee 
New Zealand score New Zealand score derived: 
derived: 23 right/ 25 left knee 
53 right / 54 left knee 
Overall proportion in need of 
primary knee replacement: 
No -1805 (85.8%) 
Yes-271 (12.9%) 
Missing 27 (1.3%) 
5.2.6. Statistical methods 
Analyses will be restricted to patients aged 50 years or over to be consistent with 
HES provision analyses. There are a number of other reasons for doing this. 
Firstly, we intend to validate the estimates in SASH with those from the English 
Longitudinal study of Ageing (ELSA) [described later] that only contains people 
aged 50 years and over. Secondly, need for hip and knee joint replacement is low 
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in those aged under 50 58, and given the SASH sample size we are unlikely to 
have the precision to reliably estimate the prevalence of need in the younger age 
groups. Finally for consistency with existing research, as all prior and current 
studies (with the exception of SASH) have only chose to examine those aged 50 
years or above. 
In order to carry out a Poisson regression analysis, to estimate prevalence rates of 
need for hip and knee joint replacement, the dataset is collapsed into a cross- 
tabulation of counts by age-groups, sex and CASwards. The denominator in 
each age-sex and CASward group has been estimated using sampling fractions. 
Ecological variables of IMD 2004 deprivation quintiles, rurality and the ethnic 
mix of the area are estimated at CASward level, so are included as indicator 
variables. The SASH data are nested in the following hierarchical structure: 
Level 1 (individuals aged over 50) 11,389 
Level 2 (CASwards) 131 
Level 3 (Districts) 6 
The aim of the SASH analysis is to explore inequalities in the need for hip and 
knee replacement by the socio-demographic groups age, sex, deprivation, 
rurality and ethnic mix of the area. Poisson regression is used to estimate rates of 
need, with the methodology and strategy of analysis outlined in figure 6.7 in 
chapter 6. A difficulty arises when fitting Multilevel regression models to 
explore whether there is clustering in the data. As there are very few level 3 
units, the accuracy of the level-3 variance estimate is low 154. An alternative 
approach is to fit a 2-level model with a separate fixed intercept for each level 3 
unit (district). 
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5.3. Need data: ELSA 
5.3.1. Patient level data 
The ELSA dataset is a sample of 11,392 people aged over 50 living in private 
households in England. The following patient level socio-demographic 
information is available in ELSA that has been extracted from the wave 0 and 
wave 1 datasets: 
- Age (50-54,55-59,60-64,65-69,70-74,75-79,80-84,85+) 
- Sex (Female, Male) 
- Social Class (I. Professional, II. Managerial & Technical, III N. Skilled Non- 
manual, III N. Skilled Manual, IV. Partly Skilled, V. Unskilled) 
- Ethnicity (White, Non-White) 
- Obesity (BMI < 32, BMI z 32) 
5.3.2. Ecological data 
Geographical/ area level information is not readily available in the archived 
ELSA dataset available to download from the ESDS website. However the ELSA 
documents state that a separate geographical dataset with broad identifiers is 
available under secure arrangements. Geographical information is required for 
analysis of the ELSA dataset for two main reasons. Firstly, there may be 
geographical variation in rates of need for TJR over and above that explained by 
the variables in the regression model. We intend to use Multilevel modelling 
methods (see chapter 6) to explore whether such variation exists, so require area 
level information on the CASward and district each patient in ELSA lives in. 
Secondly, we intend to produce small area predictions of need. This can be done 
by fitting a regression model to the ELSA dataset to estimate rates of need for TJR 
in each socio-demographic group. Then combine the estimates from the 
regression model with population counts from the 2001 census to generate small 
area predicted rates of need (see chapter 6). Variables in the regression model 
must be the same as those in the census, hence we need variables of IMD 2004 
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deprivation quintiles, rurality and the ethnic mix of the area linked to the ELSA 
dataset. Thirdly, for equity analyses we wish to compare rates of need in ELSA, 
to rates of provision from HES, and require the same variables to be in both 
models (see chapter 6), so will require variables on deprivation, rurality and the 
ethnic mix of the area. 
An application was therefore made to the National Centre for Social research 
(NatCen) to obtain the additional ecological data and area level identifiers 
(Appendix 5.3). The application was successful and the additional data 
obtained. The following ecological data is therefore available for analysis (details 
of how ecological variables are derived is contained in the chapter analysing the 
HES data): 
- Census Area Statistics (CAS) ward (anonymised) 
- District 
- IMD 2004 Deprivation Index (Quintiles) (Least deprived, 2,3,4, Most 
Deprived) 
- Rurality Index (Urban z10k, Town & Fringe, Village/Isolated) 
- Ethnic mix of area (derived from 2001 census) (White, Non-White) 
5.3.3. Identifying people in need of hip or knee joint replacement 
As the Health Module of ELSA contains information on the severity of joint pain 
and activities of daily living, we should be able to assign patients in ELSA a New 
Zealand score. In order to do this, we need to decide how to use the information 
contained in the ELSA questionnaires to re-create the New Zealand score out of 
80. When analysing the SASH dataset, we had gone back to the original 
questionnaires and determined how the information they contained was used to 
create a New Zealand Score. The questions used in SASH were then compared 
to those in ELSA, and matched as closely as possible. In this way the New 
Zealand Score has been re-created in ELSA using the same methods and 
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methodology used in the SASH study. Appendix 5.4 contains a detailed 
breakdown of how questions in ELSA have been used to create New Zealand 
Scores. 
In order to determine which patients are in need of surgery using the New 
Zealand score out of 80, we need a threshold or cut-off in order to identify them. 
Within the analyses of the SASH dataset, a Receiver Operating Characteristic 
(ROC) curve analysis was carried out, and a threshold of 48 was chosen for both 
hips and knees as this correctly classifies the greatest number of people as to 
whether they are in need of joint replacement (see chapter 6). 
A limitation of the ELSA analysis is that we are not able to assign side-specific 
New Zealand scores to right and left hips and knees, as this information is not 
available. Nor can we restrict the estimate of need to be for primary operations 
only. Although there is information on previous operations for those aged over 
60, we do not know which side the operation relates to, so for example if the 
operation was on the left hip, they may still be in need of an operation on the 
right hip. 
Patients in ELSA were assigned a NZ score if they had been suffering from a 
limiting long-term illness over a period of time, were often troubled with pain, 
and had pain in either their hips or knees. Of the 1571 patients suffering with 
pain in their hips 70 (4.5%) could not be assigned a NZ score. Likewise, of the 
2093 with knee pain 120 (5.7%) were not given a NZ score. As for SASH analyses 
the following method has been used to impute missing NZ scores: 
1. All variables used to create the New Zealand score out of 80 containing 
missing values were given a score of 0. If a subject still had a NZ 
score>=48, they were considered in need of joint replacement. 
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2. All variables with missing values were assigned the maximum 
possible value. If a subject still had a score<48, they are considered not 
in need of joint replacement. 
Table 5.4. Summary of estimation process identifying subjects as to whether 
they are in need of hip or knee joint replacement 
Hips Knees 
Total number of people 11392 11392 
in ELSA study: 
Number with limiting 
long term illness, 
suffering from pain in 
their hips or knees: 1571 2093 
Initial estimates of need: 
NZ score < 48 963 (61.3%) 1264 (60.4%) 
NZ score >=48 538 (34.3%) 709 (33.9%) 
Missing 70 (4.5%) 120 (5.7%) 
Derived values: 
(1) 00 
(2) 69 119 
Missing 1(0.1%) 1(0.1%) 
Revised estimates of need: 
No 10853 (95.3%) 10682 (93.8%) 
Yes 538 (4.7%) 709 (6.2%) 
Missing 1 (0.0%) 1 (0.0%) 
Total 11392 (100.0%) 11392 (100.0%) 
5.3.4. Statistical methods 
In the ELSA dataset there are 11392 individuals, nested within 2913 CASwards, 
and 348 districts. There are two main aims to the analysis of the ELSA dataset: 
1. Explore inequalities in the need for TJR 
- Poisson regression analysis is used to estimates rates of need 
for TJR by age, 
sex, social class, ethnicity, obesity, IMD 2004 deprivation quintiles, rurality, 
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and the ethnic mix of the area. The strategy of analysis is outlined in figure 
6.7 in chapter 6. 
Sensitivity analyses are conducted, repeating the above Poisson regression 
analysis using higher and lower choices of threshold to identify those in need 
of TJR. 
2. Produce small area predicted rates of need for TJR for equity analyses 
In order to generate the overall predicted rate of need for TJR in each district 
in England, the idea is to fit a Poisson regression model to the ELSA data, 
then combine estimates from this model with population counts from the 
2001 census (see methodology chapter 6). In order to combine the estimates 
from ELSA with the 2001 census population counts, the variables in the two 
datasets must be exactly the same. The Poisson regression analysis is 
therefore repeated only including variables, age, sex, deprivation, rurality 
and the ethnic mix of the area, along with important two-way interactions. 
Overall rates of need for hip and knee replacement are produced on a map of 
England. 
For equity analyses, a dataset is required containing predicted rates of need 
for TJR in each age-sex-CASward group in England. Methodology chapter 6 
outlines how these small area predictions are produced. 
5.4. Equity data 
For both hip and knee replacement we now have two datasets for the equity 
analysis: 
- log-rates of need (standard errors) in 79690 age, sex, CASward groups 
- log-rates of provision (standard errors) in 79690 age, sex, CASward groups 
Using the CASward identifier, we can link in the additional socio-demographic 
information on deprivation, rurality and the ethnic mix of the area as well as 
hospital trust characteristics and distance variables. 
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The main aim of the equity analysis is as follows: 
- Log-linear regression modelling is used to compare rates of provision to need, 
producing equity rate ratios for each of the variables in the model. The 
methodological approach is outlined in figure 6.9 in chapter 6. 
- Produce a map of predicted overall rates of inequity in each district in 
England, adjusted for the socio-demographic variables. As hospital and 
distance variables may explain why inequity occurs we do not want to adjust 
the overall predicted rates for them. Generating district level predictions is 
explained in methodology chapter 6. 
160 
CHAPTER 6. METHODOLOGY 
6.1. Creating hospital trust catchment areas 
Data on the characteristics of hospital trusts performing primary hip and knee 
replacement operations have been obtained (see chapter 4), to allow us to explore 
whether they explain any of the variation seen in provision rates: 
- Number of All Consultants 
- Number of Trauma & Orthopaedic (T&O) Consultants 
- Number of Anaesthetic Consultants 
- Bed Occupancy rate (Number of available beds / number of occupied beds) 
- Number of operating theatres 
- Number of dedicated day case theatres 
- Annual NHS hospital trust volume of joint replacement surgery (quintiles) 
- Hospital trust orthopaedic training centre status (Yes/ No) 
This information is provided in the form of absolute numbers, such as the 
number of T&O consultants in each NHS trust. Hospital trust characteristics are 
not comparable in this format, as such information needs to be related to the 
population of the catchment a hospital trust serves. For example a hospital with 
10 T&O consultants may have to serve a far greater catchment area and 
population, than another hospital with the same number of T&O consultants. 
To be able to model the hospital trust characteristics obtained from the DoH 
surveys, we need to create rates per 100,000 population. We therefore need to 
derive catchment areas for each hospital trust. 
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The creation of hospital trust catchment areas requires the use of Geographic 
Information Systems (GIS) software. However before we can begin to use such 
software we need to obtain the following geographical information: 
Maps (polygons): 
To obtain maps of different geographical areas, such as census wards and 
districts, we have downloaded the following boundary polygon files from 
the Edina UK Borders website (http: //edina. ac. uk/ukborders): 
CASwards, Districts, and Regions. 
Patients (points): 
From the HES database we have a dataset of all patients receiving primary 
hip and knee replacement operations in the 2002 financial year. Using the 
patient postcodes, we can link this information to the ONS All Fields 
Postcode Directory (AFPD). This provides us with the Ordnance Survey 
postcode grid referencing Easting and Northing to 1 metre resolution, 
providing a geographical reference point of where each patient lives in 
England. 
Hospitals (points): 
Within the HES data extract we have information containing the code of 
the hospital trust that performed the operation. We can obtain additional 
information about these hospital trusts, such as the name and postcode of 
the organisation, through the National Administrative Codes Services 
(http: //www. nhs. uk/nacs). This provides information on whether a 
hospital trust still currently exists, has been reorganised, or made obsolete, 
along with the dates such changes were implemented. We have therefore 
linked the HES data extract to these lookup tables, to obtain the name and 
postcode of the hospital trusts. We can then link the hospital trust 
postcodes to the ONS AFPD to obtain Ordnance Survey grid referencing 
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Easting and Northing to, 1 metre resolution, so we have a geographical 
reference of the location of each NHS hospital trust. 
Having linked the necessary geographic information to the HES data extract, a 
mixture of the GIS software ArcView 3.2 and TränsCAD will be used to construct 
catchment areas for each hospital trust. Thiessen polygons (geographical areas) 
will be created around each of the patients having a joint replacement operation 
in 2002 (http: //arescripts. esri. com/details. asp? dbid=10107). The polygon lines 
(area boundary lines) are drawn such that the lines are of equal distance between 
adjacent points (patients). This is a nearest neighbour approach. The patient 
Thiessen polygons are then merged together according to the NHS hospital trust 
that a patient had their joint operation at. The GIS software removes the 
boundaries between adjacent patient polygons, for patients that are under the 
care of the same Hospital. However the software will merge all patient polygons 
that have the same Hospital, even if they are not adjacent to each other, so in the 
merged theme each Hospital has one catchment area, but this will represent 
multiple polygons on the map. In this way catchment areas are created for each 
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hospital trust. By merging patient polygons according to the hospital the patient 
attends, it ensures that the hospitals catchment area"covers the areas of 'all 
for patients that attended it a. jointreplacement in 2002. 
Figure 6.1 displays catchment areas created for hospital trusts in the South West 
of England. These hospitals are distributed relatively evenly and serve a 
catchment population that surrounds the hospital. However in major cities such 
as London, where there are a larger number of hospitals in a smaller 
geographical space, the catchment area such hospitals serve is less likely to be 
related to the area the hospital is situated in. As can be seen in figure 6.2, the 
catchment areas are far more fragmented, but the method used to create the 
catchment areas accurately captures all areas people receiving primary joint 
replacement live in that attend the hospital for surgery. 
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Figure 6.1. Catchment areas for selected hospital trusts performing primary total 
hip replacement in the South West of England 
Hospitals in the South West performing IHR in 2002 
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Once hospital trust catchment areas are creäted, we need to assign population 
data to them, in order to express hospital trust characteristics as rates per 100,000 
catchment population. The population data that we have is the population of the 
7969 CASwards in England, and the aim will be to assign this data to the 
catchment areas. If the entire CASward lies in a hospitals catchment area this is 
relatively straightforward. However a problem arises when only part of the 
CASward lies in the catchment area. An example of this is shown in Figure 6.3 
for the catchment area created for the Royal Devon and Exeter NHS Foundation 
Trust. This has been overlayed with the CASward boundary areas. It can be 
seen that for several of the CASward areas, only a proportion of them actually 
cover the catchment area of the hospital. 
In this instance we can use the GIS software to estimate the proportion of the 
CASward that lies in the catchment, apply this to the CASward population 
estimate, then assign this number to the catchment areas population 
denominator. Having assigned population data to each of the hospital trust 
catchment areas, we can then express the hospital trust characteristics as rates 
per 100,000 catchment area. The characteristics of hospital trusts performing 
primary hip and knee replacement in 2002 are shown in Appendix 6.1 in tables 
A. 6.8 and A. 6.9. 
r 




Figure 6.3. Catchment area for the Royal Devon and Exeter NHS Foundation 
Trust performing primary hip replacement operations in 2002, along with the 
CASward boundaries areas 
Hospital trust characteristics are to be included in two analyses. Firstly the 
analysis of HES provision data to see if they explain any of the variation in 
provision rates. Secondly in equity analyses, to see if hospital variables attenuate 
the patterns of inequity observed for the different socio-demographic groups. 
However to include hospital variables in the HES and equity datasets, they need 
to be assigned at CASward level, and become a CASward area level 
characteristic. This ensures that hospital trust characteristics are also assigned to 
CASwards with zero counts (e. g. no TJR acceptances) for the regression analysis. 
Assigning hospital trust characteristics to a CASward is not straightforward, as 
one CASward boundary area may overlay more than one hospital trusts 
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Methodology 
catchment area. However this needs to be a one-to-one join, and a CASward can, 
only be assigned one set of hospital trust characteristics. One approach might be 
to get a weighted average of the characteristics of hospital trusts whose 
catchment areas cover the CASwards boundary area, according to the proportion 
of the CASward that lies in the hospital catchment areas. Take for example a 
CASward that covers 2 hospitals catchment areas, 80% of the catchment area of 
hospital 1 and 20% of hospital 2. For a characteristic such as the rate of T&O 
consultants per 100,000, we could calculate the average rate, weighted according 
to the proportions of the'CASward covering the hospital areas. Yet for a 
characteristic such as whether the hospital trust is an orthopaedic training centre, 
if hospital 1 is a training centre, but hospital 2 is not, then its is not possible to 
split or assign an average characteristic. Instead we have taken a more simplistic 
approach by identifying whether the centroid of a CASward lies in a hospitals 
catchment area. If it does, we assign the CASward the hospital trusts 
characteristics. 
6.2. Measures of distance to hospital w...,. a , ,, ý..... " ... ý.. . 
The distance a patient must travel to hospital for their primary joint replacement 
operation may be an important determinant of access' to. care. We will therefore 
explore three measures of distance (straight line, distance along road network, 
road travel times) to see whether they explain any variätion'iri'rates of joint 
replacement provision. 
ý ., ýýýS, i ýý "ý ., 
Straight line (crowfly) distance 
Using the GIS software ArcView 3.2 it is possible to calculate the straight line 
distance from where a patient lives to their nearest hospital trust performing 
primary joint replacement.. Rather than measure the actual distances travelled 
from the-patients postcode to the hospital they received their operation at, we 
have instead calculated the straight line distance from the centroid of each 
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CASward in England (7969) to the nearest hospital trust. This distance measure 
is therefore a CASward area level characteristic, and is saying that if someone 
lives in one of the 7969 CASwards in England, how far would they have to travel 
to their nearest hospital for primary joint replacement treatment? 
Therefore each of the 7969 CASwards in England has a distance measure 
assigned. This is a more appropriate measure of access than calculating the 
distance from where patients actually live, as this does not consider people who 
may be in need of primary joint replacement, but have too far to travel to a 
hospital to actually receive treatment and so decide not to have the operation. 
Using straight-line crowfly distance as a measure of travel to hospital is a 
simplistic measure. In some instances this straight line can end up leaving land 
and crossing sections of water, which is rarely realistic. So it is preferable to 
estimate both the actual distance along the road network, and the road travel 
time, to a hospital trust. 
Distance along road network and road travel times 
In order to do this we will use specialist software (Base TransCAD) from a 
company called Caliper. Unlike ArcView 3.2, TransCAD works in Longitude 
and Latitude, rather than using the OS grid referencing system. The OS grid 
referencing is like a flat surface based on the National Grid and does not take 
account of the curvature of the Earth, but longitude and latitude allows for this, 
which is important for larger areas. 
To calculate road travel times in TransCAD the following point files are required: 
- Grid references of each of the NHS hospital trusts in England performing 
primary joint replacement operations in 2002. 
- The centroids of all 7969 CASwards in England. 
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A map of the road network in England is also needed. This has been obtained 
from the DigiMap service at Edina, and is called OS Strategi 1: 250,000 
(http: / /edina. ac. uk/digimal2/index. shtml). 
To be able to calculate road travel times, we need to create a network. A network 
is a set of nodes and links. Each node and link in a network has an ID and 
attribute, such as length in miles, or travel time in minutes. Whilst we have 
information on the length of each link, there is currently no information on travel 
times. A solution to this is to assign average speeds to the different types of road 
in the network (i. e. motorways, A roads, B roads, minor roads etc). For this to be 
more realistic, we will assign average speeds depending on whether the roads 
are in urban or rural areas. A paper by the GIS unit at Sheffield University 
"Doncaster Health Authority - Determining Travel Times for Medical Student 
Community Based Teaching Placements" 155 has average speeds for Motorways, A, B 
and minor roads, in urban/rural areas, at Peak travel times. These are taken 
from the Department of the Environment, Transport and the Regions (DETR) 
publications. 
Table 6.1. Average speeds at peak times on the road network in England 
Average Speed 
Feature Code OS Feature Description OS (m. p. h. ) Rurallity5358 
A Road 20 Urban 
5359 B Road Primary 
5350 Minor Road 
12 Urban 
10 Urban 
5310 Motorway 38 Urban 
5358 A Road 40 Rural 
5359 B Road Primary 14 Rural 
5350 Minor Road 10 Rural 
5310 Motorway 54 Rural 
We have therefore assigned Peak road travel times (in minutes) to each section of 
the road network in England according to whether it is in an urban or rural area. 
Travel time (mins) = Time taken (hours) * 60 (5.1) 
= (Distance Travelled (miles) / Average speed (m. p. h. )) * 60 
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We then have to link each CASward centroid to the road network. TransCAD 
provides a facility to do this. We also need to link the NHS Hospital Trusts' to the 
road network. Currently the links connecting CASward centroids and hospital 
trusts to the road network do not contain any attribute data other than the length 
of the link, so we need to assign a travel time in minutes to these links. This has 
been done by assigning the travel time for Minor Roads. 
CASward centroids are then the start points, and Hospital trusts the end points 
of the Network Path analysis we need to solve. We can then solve the network 
path analysis in TransCAD. It generates a matrix of results, minimizing length 
and travel time, from each of the 7969 CASward centroids in England, to each 
Hospital trust performing primary joint replacement. We can therefore estimate 
the minimum road distance, and road travel time, from each of the 7969 
CASwards in England, to the nearest hospital trust. 
Figure 6.4 below depicts a map of the road network in the south of England by 
the Isle of Wight. It shows how the CASward centroids and NHS hospital trusts 
have been connected to the road network. For patients living in the Isle of Wight, 
the network path analysis will only be solved for distance/travel times to the 
hospital on the island. It will not be estimated for any other hospitals in 
Engländ, as the road network is not linked. To do this we would have to include 
ferry crossing points, link them to the road network, and estimate the ferry 
crossing time in minutes, building in penalties for the time taken to wait/board 
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Methodology 
6.3. ROC curve analysis to identify those in need of TJR using a 
New Zealand Score out of 80 in the SASH study 
Patients in the SASH study have been assigned a New Zealand score out of 100, 
where a cut-off of >_ 55 has then been used to identify people who are in need of 
joint replacement surgery. Some studies using SASH data have chosen not to use 
the component of the New Zealand criteria on 'pain on examination and other 
abnormal findings', creating a score out of 80 instead 9410. The reason given for 
this being that not all clinic attenders were able to be examined or have 
radiology. We intend to use the New Zealand score to identify people in need of 
joint replacement in the ELSA study, but as no orthopaedic examination was 
conducted it is only possible to create a New Zealand score out of 80. 
For consistency, the New Zealand score out of 80 will be used for both SASH and 
ELSA analyses, but we do not have a threshold or cut-off to identify those in 
need of surgery. If we take the New Zealand score out of 100 with a cut-off of z 
55 to be the 'gold-standard', we can conduct a Receiver Operating Characteristic 
(ROC) curve analysis to determine what the threshold/cut-off should be for the 
New Zealand score out of 80. 
We can examine different choices of threshold for the New Zealand score out of 
80 using the ROC curve analysis. In doing so, we need to consider the sensitivity 
and specificity of different choices of threshold when classifying people into 
groups that are, and are not, in need of joint replacement. Sensitivity is the 
proportion of people in need of joint replacement (using New Zealand score z 55 
out of 100) giving a positive result. Specificity is the proportion of people not in 
need of joint replacement (using New Zealand score < 55 out of 100) giving a 
negative result. The aim is to choose a threshold that maximises the area under 
the curve, which tells us how good the New Zealand score out of 80 is at 
identifying people in need of joint replacement based on the New Zealand score 
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out of 100. This threshold should correctly classify as many people as possible 
as to whether they are in need of joint replacement. 
The results of the ROC curve analyses are presented in figures 6.5 and 6.6 below 
(contingency tables are given in Appendix 6.2 in tables A. 6.10 and A. 6.11). The 
area under the curve was approximately 0.99 for both hips and knees, suggesting 
the New Zealand score out of 80 is very good at classifying people as to whether 
they are in need of joint replacement. For both hips and knees, the best 
sensitivity and specificity (trade off between false positive and false negative 
results) is 43 that maximises the area under the curve. However instead, a 
threshold of 48 was chosen for both hips and knees as this correctly classifies the 
greatest number of people as to whether they are in need of joint replacement 




Figure 6.5. ROC curve for hips 
Figure 6.6. ROC curve for knees 
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6.4. Identifying predictors of attendance at clinical assessment in 
the SASH study: logistic regression analysis 
In the SASH study, we want to estimate rates of need for TJR by sociö= 
demographic domains age, sex, WD 2004 deprivation quintiles, rurality, and the 
ethnic mix of the area. Due to the way data is collected in SASH it is unclear 
what the denominator should be for the calculation of prevalence rates. This can 
be overcome by creating age-sex-deprivation-rurality-ethnicity specific sampling 
fractions of the number of people attending clinical assessment. Then apply this 
to the number of people providing usable responses to the screening 
questionnaire to estimate the denominator. Due to the small numbers of people 
attending clinical assessment, if we were to attempt to estimate sampling 
fractions according to each possible age-sex-deprivation-rurality-ethnic strata, 
the sampling fractions would be estimated very imprecisely. To overcome this 
problem, we need to identify which of the socio-demographic variables are 
important predictors of people with hip or knee pain attending the clinical 
assessment by conducting a logistic regression analysis. Then only create 
sampling fractions according to these variables. 
" 
Logistic regression analyses are conducted separately for hips and knees. The 
outcome of interest is a dichotomous variable of whether people with hip or knee 
pain attended clinical assessment. The exposures of interest are age, sex, 
IMD2004 deprivation quintiles, rurality, and ethnic mix of the area. The logistic 
regression model is specified as: 
y, - Binomial (cons , t) 
logit(; r, ) =1og 1'ý _ ý60CONS +, 
6X; + e, (5.2) 
where x, is the probability of an individual i attending the clinical assessment. 
CONS is the constant term, X; the vector of explanatory variables and e, is the 
individual level residual constrained to a Binomial distribution. 
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In the model fitting process we begin with a full model including age in 5-year 
groups (35-39,40-44,45-49,50-54,55-59,60-64,65-69,70-74,75-79,80-84,85+), 
gender, IMD 2004 deprivation quintiles (Least Deprived, 2,3,4, Most Deprived), 
rurality (Urban > 10k, Town & Fringe, Village/ Isolated) and the ethnic mix of the 
area (White, Non-White). The model is then simplified by combining strata with 
similar effect estimates, i. e. combining age groups. Likelihood ratio tests will be 
used to see if the simple model is a better fit then the more complex model. If 
there is no evidence the more complex model is a better fit, the simpler model 
can be used. The tables below contain the final simplified models of predictors 
of clinical attendance: 
Table 6.2. Logistic regression examining predictors of clinical attendance for 




subjects assigned NZ 
with hip score Crude OR Adjusted OR 
pain (% of total) (95% Cl) (95% Cl) 
Age group: 
35-54 & 85+ 1205 405(33.6%) 1.00 1.00 
55-84 1964 984(50.1%) 1.98 (1.71,2.30) 1.97 (1.70,2.29) 
Sex: 
Female 2,084 893(42.9%) 1.00 1.00 
Male 1,085 496(45.7%) 1.12 (0.97,1.30) 1.14 (0.98,1.32) 
IMD2004 deprivation quintiles: 
Least Deprived, 2,3 &4 2529 1147 (45.4 %) 1.00 1.00 
Most Deprived 638 241(37.8%) 0.73 (0.61,0.87) 0.71 (0.59,0.86) 
Missing 2 1(50.0%) 
Rurality: 
Urban, Town & Fringe 2,789 1234 (44.2 %) 1.00 1.00 
Village/Isolated 378 154(40.7%) 0.87 (0.70,1.08) 0.80 (0.64,1.00) 
Missing 2 1(50.0%) 
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Table 6.3. Logistic regression examining predictors of clinical attendance for 




subjects assigned NZ 
with knee score Crude OR Adjusted OR 
pain (% of total) (95% CI) (95% CI) 
Age group: 
35-44 717 158(22.0%) 1.00 1.00 
45-59 1442 493(34.2%) 1.84 (1.49,2.26) 1.90 (1.54,2.34) 
65-74 1127 700(62.1%) 5.80 (4.68,7.18) 6.01(4.85,7.46) 
75-79 419 226(53.9%) 4.14 (3.19,5.38) 4.40 (3.38,5.74) 
60-64 & 80+ 1094 499(45.6%) 2.97 (2.40,3.67) 3.10 (2.50,3.84) 
Sex: 
Female 2,872 1231 (42.9 %) 1.00 1.00 
Male 1,927 845(43.9%) 1.04 (0.93,1.17) 1.20 (1.06,1.35) 
IMD2004 deprivation quintiles: 
Least Deprived & 2,3 3,032 1375 (45.3 %) 1.00 1.00 
4 735 323(43.9%) 0.94 (0.80,1.11) 0.91 (0-76,1.09) 
Most Deprived 1,028 377(36.7%) 0.70 (0.60,0.81) 0.66 (0.57,0.78) 
Missing 4 1(25.0%) 
Rurality: 
Urban 3,777 1653 (43.8 %) 1.00 1.00 
Town & Fringe, Village/ Isolated 1,018 422(41.5%) 0.91(0.79,1.05) 0.77(0.66,0.90) 
Missing 4 1(25.0%) 
6.5. Creating sampling fractions to estimate a denominator to 
calculate prevalence rates in the SASH study 
Having identified important predictors of patients with hip or knee pain 
attending the clinical assessment, we can now create sampling fractions 
according to each of these strata, and apply this to the number of patients 
providing usable responses to the screening questionnaire in each strata, to 
estimate the denominator. As an example, of the 3169 people with hip pain, 1405 
attended clinical assessment for their hip pain. Of the 1405 attending clinical 
assessment, 1389 were assigned a New Zealand score. The overall sampling 
fraction is therefore 1389 / 3169 = 0.438. Applying this to the sample responding 
to the screening questionnaire gives a denominator of 22204 * 0.438 = 9732.2. 
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Using this approach, we have created sampling fractions for each predictor of 
clinical attendance, by dividing the number attending clinical assessment, by the 
number of people reporting hip or knee pain in each strata. The sampling 
fractions are shown in tables 6.4 and 6.5 below. As the number of counts in each 
strata is still small, we have estimated a confidence interval around the sampling 
fractions to determine how precisely they are estimated. The method used to 
calculate a confidence interval using an approximation to the normal distribution 
is only valid if np and n-np are 10 or more (where: n= number of people 
reporting hip/knee pain in a strata; p= sampling fraction). For hip replacement 
the assumptions were not violated suggesting the sampling fractions created 
within each strata are valid. However for knee replacement there were 4 
violations, which is a limitation of the analysis. 
Table 6.4. Sampling fractions based on predictors of attendance at clinics for 
people with hip pain 










35-54 & 85+ F Least Deprived & 2,3,4 Urban, Town & Fringe 549 197 0.359 (0.319,0.399) 
35-54 & 85+ F Least Deprived & 2,3,4 Village/Isolated 87 23 0.264 (0.172,0.357) 
35-54 & 85+ F Most Deprived Urban, Town & Fringe 164 48 0.293 (0.223,0.362) 
35-54 & 85+ M Least Deprived & 2,3,4 Urban, Town & Fringe 252 86 0.341 (0.283,0.400) 
35-54 & 85+ M Least Deprived & 2,3,4 Village/Isolated 57 16 0.281 (0.164,0.397) 
35-54 & 85+ M Most Deprived Urban, Town & Fringe 96 35 0.365 (0.268,0.461) 
55-84 F Least Deprived & 2,3,4 Urban, Town & Fringe 894 457 0.511 (0.478,0.544) 
55-84 F Least Deprived & 2,3,4 Village/Isolated 153 74 0.484 (0.404,0.563) 
55-84 F Most Deprived Urban, Town & Fringe 236 93 0.394 (0.332,0.456) 
55-84 M Least Deprived & 2,3,4 Urban, Town & Fringe 456 253 0.555 (0.509,0.600) 
55-84 M Least Deprived & 2,3,4 Village/Isolated 81 41 0.506 (0.397,0.615) 
55-84 M Most Deprived Urban, Town & Fringe 142 65 0.458 (0.376,0.540)- 
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Table 6.5. Sampling fractions based on predictors of attendance at clinics for 
people with knee pain 






assigned a Sampling fraction 
NZ score (95% CI) 
_ 
35-44 F Least Deprived & 2,3 Urban 120 28 0.233 (0.158,0.309) 
Town & Fringe, 
35-44 F Least Deprived & 2,3 Village/Isolated 65 7 0.108 (0.032,0.183) 
35-44 F 4 Urban 67 18 0.269 (0.163,0.375) 
35-44 F Most Deprived Urban 85 21 0.247(0.155,0.339) 
35-44 M Least Deprived & 2,3 Urban 175 33 0.189 (0.131,0.247) 
Town & Fringe, 
35-44 M Least Deprived & 2,3 Village/ Isolated 59 6 0.102 (0.025,0.179) 
35-44 M 4Urban 68 24 0.353 (0.239,0.467) 
35-44 M Most Deprived Urban 78 21 0.269 (0.171,0.368) 
45-59 F Least Deprived & 2,3 Urban 322 131 0.407 (0.353,0.460) 
Town & Fringe, 
45-59 F Least Deprived & 2,3 Village/Isolated 177 55 0.311 (0.243,0.379) 
45-59 F 4 Urban 118 46 0.390 (0.302,0.478) 
45-59 F Most Deprived Urban 205 54 0.263 (0.203,0.324) 
45-59 M Least Deprived & 2,3 Urban 245 89 0.363 (0.303,0.423) 
Town & Fringe, 
45-59 M Least Deprived & 2,3 Village/Isolated 146 40 0.274 (0.202,0.346) 
45-59 M 4 Urban 94 33 0.351 (0.255,0.448) 
45-59 M Most Deprived Urban 134 44 0.328 (0.249,0.408) 
65-74 F Least Deprived & 2,3 Urban 317 199 0.628 (0.575,0.681) 
Town & Fringe, 
65-74 F Least Deprived & 2,3 Village/Isolated 137 93 0.679 (0.601,0.757) 
65-74 F 4 Urban 116 60 0.517 (0.426,0.608) 
65-74 F Most Deprived Urban 123 51 0.415 (0.328,0.502) 
65-74 M Least Deprived & 2,3 Urban 184 142 0.772 (0.711,0.832) 
Town & Fringe, 
65-74 M Least Deprived & 2,3 Village/Isolated 101 66 0.653 (0.561,0.746) 
65-74 M 4 Urban 59 36 0.610 (0.486,0.735) 
65-74 M Most Deprived Urban 88 53 0.602 (0.500,0.705) 
75-79 F Least Deprived & 2,3 Urban 122 73 0.598 (0.511,0.685) 
Town & Fringe, 
75-79 F Least Deprived & 2,3 Village/Isolated 68 31 0.456 (0.338,0.574) 
75-79 F 4 Urban 42 22 0.524 (0.373,0.675) 
75-79 F Most Deprived Urban 62 20 0.323 (0.206,0.439) 
75-79 M Least Deprived & 2,3 Urban 50 31 0.620 (0.485,0.755) 
Town & Fringe, 
75-79 M Least Deprived & 2,3 Village/ Isolated 29 21 0.724 (0.561,0.887) 
75-79 M 4 Urban 16 9 0.563 (0.319,0.806) 
75-79 M Most Deprived Urban 30 19 0.633 (0.461,0.806) 
60-64 & 80+ F Least Deprived & 2,3 Urban 331 157 0.474 (0.421,0.528) 
Town & Fringe, 
60-64 & 80+ F Least Deprived & 2,3 Village/Isolated 154 66 0.429 (0.350,0.507) 
60-64 & 80+ F 4 Urban 101 46 0.455 (0.358,0.553) 
60-64 & 80+ F Most Deprived Urban 139 53 0.381 (0.301,0.462) 
60-64 & 80+ M Least Deprived & 2,3 Urban 148 70 0.473 (0.393,0.553) 
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Town & Fringe, 
60-64 & 80+ M Least Deprived & 2,3 Village/Isolated 82 37 0.451 (0.344,0.559) 
60-64 & 80+ M4 Urban 54 29 0.537 (0.404,0.670) 
60-64 & 80+ M Most Deprived Urban 84 41 0.488 (0.381,0.595) 
Using these sampling fractions, we can now create a denominator for each of the 
22,978 SASH study subjects that responded to the screening questionnaire. This 
is done by applying the sampling fractions in each strata, to the number of 
people providing usable responses in those strata. For eight subjects, we do not 
know the census ward that they live in, and therefore these subjects cannot be 
assigned a rurality, deprivation or ethnic mix score. As such, these 8 subjects will 
be excluded from the analyses. 
6.6. Poisson regression analyses 
In this thesis, the aim is to estimates rates of need for TJR using data from SASH 
and ELSA, and rates of provision of TJR using data from HES, by various socio- 
demographic groups. In order to do this we need to conduct Poisson regression 
analyses for each dataset. The strategy of analysis is the same for each dataset 
and is described below: 
6.6.1. Fixed effects Poisson regression 
Using the statistical software Stata 10.0 (Stata Corp., College Station, TX), a fixed- 
effects Poisson regression model will be fitted to the data. 
y, Poisson(O) 
For analyses of the HES and SASH datasets, an offset term must be fitted to the 
model to allow for the size of the population in each CASward, age and sex 
group. So the log of the expected number of counts in each area, based on 
population size and age-sex composition, is entered into the regression equation 
156. So using the HES data as example, we are modelling the log of the ratio of 
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the number of admissions for TJR (O; ), to the number of people in the population 
(E, ), given as: 
log E' 
E; =, 
ßOCONS+ß1z1; +/32x2, +... +e, (5.3) 
where 0, is the number of acceptances for TJR for an individual in age, sex, 
CASward i, CONS is the constant term, ß1x1, + /2x2, +... + /3xn, the explanatory 
variables, and e, is the individual level residual constrained to a Poisson 
distribution. This can be re-written as: 
1og(0; )=log(E; )+ 8ocONS+/3, x + f2x21 +... +e, (5.4) 
Analysis of the ELSA dataset is slightly different. The SASH and HES datasets, 
are collapsed down into a cross-tabulation of counts by age-sex-CASwards, and a 
separate denominator variable used to estimate the size of the population in each 
age-sex-CASward group, hence an offset term is required. For the ELSA dataset, 
we do not need to include an offset term in the model, as we have information on 
all 11,392 individuals in the study regarding whether or not they are in need of 
TJR. Hence the model is specified differently where: 
log(; t, )=, ß0CONS+ß, x +/32x21 +... +e, (5.4. a) 
where ir, is the probability an individual i is in need of TJR, CONS is the constant 
term, ß, x +62x2; +... +, (3xn, the explanatory variables, and e, is the individual 
level residual constrained to a Poisson distribution. 
A complication to the ELSA regression model is that we need to include weights 
to allow for possible bias from non-random non-response. Each individual in 
ELSA is given a sampling weight, which is the inverse of the probability that the 
individual is included in the sample due to the sampling design. If the weight is 
greater than 1, the individual is more representative of people in the general 
population, so they are given more weight, if it is less than 1, they are less 
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representative and hence given less weight. To include the weighting variable in 
the Poisson regression model, we apply it to the outcome variable, creating an 
adjusted outcome of whether an individual is in need of TJR: 
; r,. adj = ir, * weight, 
Therefore we fit the model: 
log(7r,. adj)=ACONS+ß1x +/32x21 +... +e, (5.4. b) 
The aim of the Poisson regression analyses is to estimate rates of need and 
provision of TJR, according to age, sex, deprivation, rurality and the ethnic mix 
of the area. A priori all these variables are to be included in the Poisson 
regression model, regardless of whether there is evidence the model is a better fit 
having included or excluded one of these variables, or there is no evidence of 
confounding. This is because we later wish to relate estimates of provision (by 
these socio-demographic domains), to rates of need for TJR from a different 
dataset, to explore inequity in access to care. For example, if we find that rates of 
provision of TJR are not associated with gender, we would still wish to include 
this in the model, as it may be the case that women have greater need for TJR 
than men. Then inequity would be demonstrated when comparing the models of 
need and provision. 
Initially, a descriptive univariable Poisson regression analysis will be conducted, 
exploring the association between rates of provision of TJR, and each of the 
socio-demographic variables of age, sex, deprivation, rurality and ethnic mix of 
the area. We then fit a multivariable model that provides effects adjusted for 
other covariates. Wald tests will be used to explore linear trends, by fitting 
models with the variable as a score. To assess for non-linear trend, likelihood 
ratio tests can be used, comparing a model with a categorical variable to that 
with the variable as a score. Effect modification will be considered by using 
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likelihood ratio tests to examine for interaction between age, sex, deprivation, 
rurality, and the ethnic mix of the area. 
Kirkwood and Sterne 157 describe how formal tests for interaction lack power, 
and statistically significant interactions identified by a systematic sweep of all 
variables may well be chance effects, whilst real interactions may go undetected. 
As the HES data forms a large sample size, there should be good power to detect 
interactions. This is not the case for smaller datasets, which would typically only 
be able to detect the strongest interactions. Kirkwood and Sterne suggest paying 
particular attention to a priori interactions, and examining interactions one at a 
time to avoid a model with too many additional parameters. Also, in assessing 
evidence for interactions, attention should be paid to meaningful trends over 
strata, rather than just relying on 'significant' p-values that could be chance 
findings due to multiple testing. 
In chapter 3 of this thesis, we conducted a systematic review of the literature of 
all studies examining inequalities in both the need for, and provision of joint 
replacement, as well as the few studies exploring inequity in access to care. The 
review suggests the following interactions are plausible: 
  Rates of joint replacement are similar in men and women up to age 40-49, 
then are elevated in women from age 50 onwards 14. For knee 
replacement there is no longer a gender difference in those aged 85+. This 
is consistent with evidence on need for knee replacement, where need was 
greater in men from ages 35-54, but from age 55 onwards need was greater 
in women 58. 
  In urban areas women receive higher rates of hip replacement that men, 
with the opposite seen in rural areas where men receive greater provision 
of hip replacement 109. 
  Women had twice the need compared to men, however this varies 
according to SES, where there were no differences between men and 
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women with low SES, but in people with high SES, women had greater 
need than men 127. 
In light of this, we will test for all possible 2-way interactions between our socio- 
demographic variables of age, sex, deprivation, rurality, and the ethnic mix of the 
area. Given the limitations of testing for interaction, our modelling strategy will 
be as follows, using a test for interaction between age and sex as an example. 
Age will be split into quintiles to increase the power of the test 157. Firstly, we 
will use a likelihood ratio test to compare a model with variables age and sex, to 
an alternative model including an interaction term, to see if the model including 
the interaction is a better fit to the data: 
Null hypothesis (Ha) : 
log(0, )= log(E1)+ß. CONS+ßlage11 +ß2age21 +ß3age3, +ßaage41 (5.5) 
+A sexM, + e, 
Alternative hypothesis (H, ) : 
109(O; ) =1og(E, ý+ J30CONS + ß, age,; + f6, age2, + ß3age3, +)64age4, + ß5sexM, (5.6) 
+ ý36age * seX., + /37age1, * sex ;+ Aage3, * sex,,,,, + /39age4, * sex., + e, 
If there is good evidence the model including the interaction term is a better fit to 
the data, we will repeat the interaction test including the other covariates, which 
in this example are IMD2004 deprivation quintiles, rurality, and the ethnic mix of 
the area. It may be that the interaction is explained by adjusting for other 
variables. If there is still good evidence of interaction in the fully adjusted 
model, this will then be explored and described. 
6.6.2. Controlling for clustering in the data 
We now need to check whether the fixed effects multivariable Poisson regression 
model fitted to the data is appropriate. In a Poisson model, the mean and 
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variance are considered to be equal, but if the true variance is bigger than the 
mean this implies that there is overdispersion, indicating the Poisson regression 
model is an inadequate fit to the data. 
Currently we have fitted a multivariable model including variables age, sex, 
deprivation, rurality and the ethnic mix of the area. So we need to explore 
whether there is extra variation that is not explained by the current covariates in 
the model, over and above what we would expect from a Poisson distribution 
(overdispersion). 
One way to allow for overdispersion is to see whether it is explained by 
clustering within the data. Currently we have a nested hierarchical structure, of 
individuals i, within CASward j, within district k. There are two reasons why we 
want to consider clustering within the data: 
1. The fixed-effects Poisson regression models assume that rates of provision 
and need for TJR do not vary across England, and that rates are the same 
between wards and districts. This is unlikely to be true, as rates are 
known to vary geographically. Failure to account for clustering in the 
data (i. e. variability in hip or knee replacement rates across the country) 
leads to estimates of standard errors that are too small. 
2. The second reason is that the aim of the project is to explore geographical 
variation in rates of need and provision. We need to explore whether 
rates vary geographically, such as across districts, to inform local 
healthcare planning. 
Stata 
There are a number of different methods available to account for clustering in a 
dataset 157 using Stata. One option is to fit a Poisson regression model using 
robust standard errors corrected for clustering. Sometimes we may be more 
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confident that the basic regression model is correct, than the precise probability 
model underlying the likelihood, which is true in the case of clustered data. In 
this case we do not want to rely on the likelihood to provide standard errors for 
parameter estimates. So instead we can use robust standard errors, where the 
standard errors are derived using variability in the data, rather than the 
likelihood. In the presence of clustering they will be larger than standard errors 
obtained from the usual regression model ignoring clustering. However use of 
robust standard errors does not affect the parameter estimate (rate ratio), which 
will be identical to that of the standard Poisson regression analysis. 
An alternative is to fit a random-effects Poisson regression model that explicitly 
allows for the clustering in the data 157. This is done by modifying the standard 
linear predictor to include an amount u1 that varies randomly between clusters. 
It is assumed that the set of random effects explain the clustering in the data, 
such that different observations in the same cluster are independent. So a cluster 
level random effect uj is now added to Poisson regression model (equation 5.4). 
This is a form of multilevel model where in our dataset we have individuals in 
age-sex groups i, clustered within CASwards j. So using the HES dataset as 
example, we now have: 
log(O; if)=1og(Eu)+/3oCONS+I-Y, 
T, +e, +u, (5.7) 
where O,, is the number of acceptances for TJR in age-sex group i, in ward j, 
CONS is the constant term, X, ' the vector of explanatory variables, e. is the 
individual level residual distributed N(O, u, ), and u, is the ward (cluster level) 
residual term distributed N(0,6ä) . 
A random effects Poisson regression model can be fitted using Stata, that allows 
for clustering across CASwards 158. In the random-effects model, uJ is assumed 
to be independently and identically distributed (iid) such that exp(u, ) is normal 
with mean one and variance a. The Stata output includes a likelihood-ratio test 
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of a=0, where alpha is the estimated between-ward variance, and a likelihood 
ratio test is conducted to test the null hypothesis that there is no clustering. A 
small P-value would indicate strong evidence of clustering (between CASward 
variation) such that a random-effects model should be used. A large P-value 
suggesting no evidence of clustering and the fixed effects model is appropriate. 
There are limitations to the random-effects Poisson regression models fitted in 
Stata. Stata only allows 2-levels in the hierarchical structure, and we would like 
to explore whether variation in provision rates exists at a third level (district). 
Stata is also limited in that it only adjusts the estimates for clustering. It does not 
allow variables to be formally identified as level 1 (individuals) or level 2 
(CASward) variables. Nor can area level variation be explored for a specific 
variable. I. e. does the overall effect of age (where rates of provision of joint 
replacement are known to increase with age up to age 75-79, then fall in those 
aged 85+) vary according to the CASward a person lives in, or maybe the district 
a person lives in? 
MLwiN 
Given the limitations of the Stata software for fitting random-effects regression 
models, the best approach is to use the multilevel modelling software MLwiN, 
and fit a Multilevel Poisson regression model that takes account of the 
hierarchical structure of the data, taking a similar approach to that done by 
Roderick et al looking at acceptance rates for RRT 62. 
The consequences of failing to recognise the hierarchical structure of the data in a 
statistical model is considered in the MLwiN users guide 15. Ignoring clustering 
will generally cause standard errors of regression coefficients to be 
underestimated. For example, individuals are clustered within wards, nested 
within districts. If standard errors are underestimated, we might believe women 
receive greater provision of hip replacement than men, when in fact this rate, 
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estimated from the sample, could be ascribed to chance. Correct standard errors 
would only be estimated if variation at ward and district level were allowed for 
in analysis. Multilevel modelling provides a way of doing this. It also allows us 
to model and investigate the relative sizes and effects of ward and district 
characteristics on provision, as well as individual characteristics. 
The fundamental principle of multilevel modelling is the existence of different 
levels of variation. For example take a 2-level model of individuals i nested 
within wards j. We then fit a regression model of exposure on outcome at each 
of these levels. This will give a single regression for individuals, and separate 
regression lines for each of the 7969 CASwards. The ward regressions will have 
different intercepts, and the variation between these intercepts is called level 2 
variation, because wards are at level 2. Wards are thought of as a random 
sample from a large underlying population of wards, and 'ward' is referred to as 
a random classification. Individual wards, like individual people, are not of 
interest. We are interested in making inferences about variation among all wards 
in the population, using the sampled wards. If we regard the regression lines 
between wards as giving predictions between exposure and outcome, the 
differences between wards is constant between exposure and outcome. This is 
simple level 2 variation that only allows the intercept to vary. For example if we 
look at age, we are saying the relationship between age and outcome is the same 
for each ward, but depends on the age distribution of people in each ward, so 
they have different intercepts, but the slope of the regression lines is the same. 
Complex level 2 variation is when we allow the slopes to vary. For example, the 
difference between each ward's outcomes (rate of joint replacement provision) 
depends on exposure (i. e. age). So the relationship between age and provision of 
joint replacement is different in each ward. 
The hierarchical structure of the data consists of 3 levels with patients in age-sex 
group i, in CASward j, in district k. Using HES as example, we are modelling the 
189 
Methodology 
log of the ratio of the number of operations for TJR (O,, k ), to the number of 
people in the population (E;, Jk 





where O. k is the number of TJR operations in age-sex group i, in ward j, in 
district k. CONS is the constant term, X; k the vector of explanatory variables, 
uj is the ward residual term distributed N(O, a. 
), 
vk is the district residual term 
distributed N(O, av), and euk is the individual level residual constrained to a 
Poisson distribution. 
6.6.3. Overdispersion that remains after allowing for clustering 
A further consideration is whether there is overdispersion that remains after 
controlling for clustering. If there is evidence of this, two options are available to 
us. We could specify a Poisson regression model with extra Poisson variation, 
which allows for over dispersion by adjusting the standard errors to account for 
this missing information. Alternatively a Negative Binomial regression model 
can be fitted instead. 
Stata 
Firstly we will consider the multivariable random-effects Poisson regression 
model fitted in Stata that allows for clustering across CASwards (equation 5.7). 
A derivation of the negative binomial mean-dispersion model is that individuals 
follow a Poisson regression distribution but there is an omitted variable v,, 
where exp (vj) follows a gamma distribution with mean 1 and variance a: 
log(O;, ) =1og(Ey)+ /3QCONS + , 6X1 + e, + u, + of (5.9) 
and: exp(vj) - Gamma(1 / a, a) 
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Alpha (a) is the overdispersion parameter, and the larger a is the greater the 
overdispersion. If there is no overdispersion, then this corresponds to a Poisson 
regression model with a=0. 
In order to fit a random effects negative binomial regression model in Stata, a 
constant-dispersion model is used, where the measure of dispersion is equal to 1 
+6 (in place of the mean-dispersion model described above) 158. Delta is 
allowed to vary randomly across groups, so it is assumed that: 
1/(1+o)-Betar, s) 
So now we have: 
1og(0, f) =1og(E, 
) +ß0CONS+ßx, +ey +u, +v, (5.10) 
where O is the number of operations for TJR in age-sex group i, in ward j, 
CONS is the constant term, X, the vector of explanatory variables, e;, is the 
individual level residual distributed N(0, oe), uj is the ward (cluster level) 
residual term distributed N(0,6ü), and vi follows a Gamma distribution of mean 
1 and variance 8 (the measure of overdispersion). 
In the output from Stata a LRT is provided which tests the null hypothesis of 
whether S=0 (no overdispersion). If there is good evidence of overdispersion 
remaining in the model, even after controlling for clustering, then a random- 
effects Negative Binomial regression model should be used. 
MLwiN 
Due to the limitations in the Stata random effects models ascribed to earlier, we 
suggested that it is preferable to fit a multilevel regression model using MLwiN. 
Unfortunately, whilst MLwiN allows a Negative Binomial regression model to be 
fitted, it is not possible to fit an offset term in order to allow for the size of the 
population in each CASward, age and sex group. Instead a Multilevel Poisson 
regression model can be fitted, with extra-Poisson variation specified to allow for 
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any overdispersion remaining after controlling for clustering in the data. If no 
overdispersion is present this corresponds to a standard Multilevel Poisson 
regression model. 
Below is a summary of our strategy of analysis: 
Figure 6.7. Strategy of analysis for Poisson regression modelling 
1. In Stata, fit a simple fixed effects Poisson regression model to the data 
including socio-demographic variables of age, sex, IMD2004 deprivation 
quintiles, rurality, and the ethnic mix of the area. Do univariable and 
multivariable analyses to produce both crude and adjusted rate ratios. All 
variables are a priori to be included in the final multivariable model, 
regardless of their effect on confounding or improvement of model fit, as we 
will later compare rates of provision to need in order to assess inequity in 
access to care. 
2. In Stata, fit a random effects Poisson regression model, to consider whether 
there is evidence of clustering across CASwards. 
3. In Stata, fit a Negative binomial regression model, to determine whether there 
is evidence of overdispersion that remains after allowing for clustering in the 
data. 
4. In Stata, test for evidence of 2-way interactions between each of the socio- 
demographic variables. 
5. Using the Multilevel modelling software MLwiN, fit a 3-level random- 
intercepts model of patients i, in CASward j, in district k. We will then 
explore whether there is evidence the effect of each socio-demographic 
variable varies geographically across districts by fitting models with random 
slopes to each of the covariates. 
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6.7. Methods to generate small area predictions 
6.7.1. Generating rates of need for TJR across small areas of England 
Overview of methods to generate small area predictions 
Using the ELSA dataset we wish to predict need for TJR across small areas of 
England. In the literature, a number of different approaches have been used to 
generate small area predictions 159 91 160 161 90 162. They are all essentially very 
similar, in that estimates of prevalence are obtained according to different socio- 
demographic groups (such as age, sex, ethnicity and deprivation). The 
prevalence estimates are then applied to small area ward level population counts 
obtained from census data, in order to generate predicted prevalence estimates in 
small areas. Although similar, each method of estimation is slightly different: 
The PBS diabetes prevalence model developed by the Yorkshire and Humber 
Public Health Observatory (YHPHO) 159 uses estimates of prevalence from 
various small area surveys; Twigg, Moon & Jones 91 160 use a Multilevel 
modelling approach which is possible by assuming that the areas (census wards) 
for which prevalence estimates are needed are actually recorded as survey 
variables; whilst Congdon uses Bayesian modelling that allows the incorporation 
of prior evidence (i. e. evidence of ethnic gradients in CHD risk) on model 
covariates which will increase the precision of the prevalence estimate for that 
variable 16190162. 
PBS Diabetes Prevalence Model 
The Public Health Observatory, Brent Primary Care Trust and School of Health 
and Health related Research (University of Sheffield) (PBS) Diabetes Population 
Prevalence Model (DPPM) was developed to predict the prevalence of diabetes 
in small areas of England. As no single study could be found that provides 
diabetes population prevalence rates in all ethnic groups, for both Type 1 
diabetes mellitus (T1DM) and Type 2 diabetes mellitus (T2DM), the model 
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combines prevalence rates taken from a number of UK studies. The authors 
suggest that use of small area population based surveys is better, rather than 
using data from large surveys such as the HSE (Health Survey for England), 
where respondents are asked whether they have diabetes. The reason cited 
being that the SASH study used GP notes as a "gold standard" to validate 
responses and found that only two-thirds of those with a diagnosis in their 
records responded "yes" to this question. The HSE would also not capture 
undiagnosed diabetes in the prevalence estimate. 
However, there are a number of limitations to the PBS DPPM study. The use of 
small area population based surveys remains a problem, as these are small area 
studies, prevalence rates may vary geographically, and the studies are out of date 
and diabetes prevalence has increased since then. The authors attempted to 
account for this by adjusting estimates to be nationally representative, and reflect 
increases in prevalence over time. However these are crude adjustments, and 
other factors may account for geographical variation in prevalence rates. It may 
also be the case that a small area study could show no deprivation effect, either 
due to the area the study was conducted in, or the characteristics of people 
included in the study, but a nationally representative survey such as the HSE 
may demonstrate such a deprivation gradient. Also, such small area studies as 
used in the PBS DPPM are unlikely to be reproduced in the future. If surveys 
such as the HSE are used, they are repeated annually and prevalence estimates 
can be continually updated in the future. A further limitation is that no estimates 
of precision (i. e. confidence intervals) have been created around the predictions, 
so we cannot determine whether there is evidence of geographical variation. 
Multilevel Modelling approach using MLwiN 
Using data from the Health Survey for England, Twigg et al 91160 used Multilevel 
logistic regression modelling to estimate the prevalence of smoking and problem 
drinking behaviour across small areas of England. The Multilevel structure 
adopted for the data has 3-levels: individual, postcode sector unit (PSU), and 
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district health authority (DHA). PSUs were used as crude analogues of the local 
community, providing the context for individual behaviour. Districts offer a 
relatively disaggregate level at which to take account of broader regional 
variation. Individual level variables included in the model are age, sex and 
marital status (single/not single). Ecological variables estimated at PSU level 
are: the percentage (%) of people with no car, % of people with 2 or more cars, % 
of people who privately rent, and the % of people in social class 1 or 2. 
Interaction terms are included in the model. Choice of the variables included in 
the model is dependant on the variables population counts are available on in the 
census tables. In order to generate small area predictions, variables included in 
the model must be the same as those in the census. From the census, population 
counts are available of the numbers of people in each age, sex, marital status 
group, and census ward. Ecological variables of tenure and social class are 
available at ward level using data from the census, so ward level ecological 
variables of tenure and social class are created. There are therefore two datasets: 
the logit estimates from the Multilevel model; and the population counts from 
the census. The logit estimates from the model are essentially applied to the 
population counts from the census to generate expected numbers of people with 
smoking and drinking behaviour in each census ward. For each ward, the 
expected counts are divided by the total number of people in the population, to 
get an estimate of prevalence. 
The benefits of using a Multilevel modelling approach have already been 
ascribed to in the methodology section on Poisson regression. Failure to consider 
the impact of clustering in the data can lead to spurious precision with estimates 
of standard errors that are too small. Evidence of district level variation, over 
and above that explained by the variables in the regression model, can also be 
incorporated into the predictions process. A limitation of the approach described 
here, is that there are no estimates of precision around the predicted ward level 
prevalence of smoking and drinking behaviour i. e. no estimated standard errors 
and confidence intervals. A further limitation of using a classical approach, 
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rather than a Bayesian modelling approach, is that it does not allow the 
incorporation of prior evidence to be considered in the modelling process. A 
Bayesian approach allows the incorporation of evidence from previous studies 
into the modelling process, to increase precision of the estimates in the model, 
through the use of informative priors. 
Bayesian approach using WinBUGS 
A number of examples have recently been demonstrated by Peter Congdon of 
how a Bayesian modelling approach can be used to generate small area estimates 
of prevalence 16190162. The main methodology is outlined in a study using data 
from the HSE to estimate CHD prevalence in small areas (census wards) across 
England 161. 
Using the statistical software WinBUGS a logistic regression model is fitted to 
data from the 1999 HSE, where the outcome is a binary variable of whether or 
not a person has CHD, and exposure variables are age (0-34,35-44,45-54,55-64, 
65-74,75-84,85+), sex, ethnic group (White, Black, South Asian, Other), and 
region (N. West, Yorkshire-Humberside, E. Midlands, W. Midlands, East, 
London, S. East, S. West). Separate models were fitted by sex to reflect previous 
evidence of a stronger deprivation gradient for females and wider regional 
contrasts for females. The 1999 HSE is used, as this was designed to provide 
reliable information on prevalence by ethnicity. 
Vague priors are assumed on all model parameters, implying no prior beliefs are 
incorporated into the model about associations with age, ethnicity and region on 
CHD prevalence. Hence this modelling process is no different to classical 
methods. Running these models, prevalence rates of CHD specific to age, sex, 
ethnic group and region are obtained. In order to generate small area predictions 
of prevalence, equivalent variables must be available in both the HSE and the 
census. The UK Census includes a tabulation (to electoral ward level) of 
populations by age, sex and ethnic group. By applying estimates of prevalence 
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in each age, sex and ethnic group, to the ward level population counts in the 
census, ward level predictions can be generated. 
Deprivation is known to be associated with CHD risk, but has yet to be 
incorporated into the model. Information on deprivation is available in the 2003 
HSE in the form of IMD deprivation quintiles. Another regression model is 
therefore fitted in WinBUGS using data from the 2003 HSE, including variables 
of age, sex, ethnicity, region, and IMD deprivation quintiles. An informative 
prior is used for the ethnicity variable. In this way the effects of deprivation are 
adjusted for the impacts of the other variables. In order to adjust the estimates of 
prevalence of CHD for ethnicity, the gradient in IMD deprivation estimated in 
the 2003 HSE model is expressed as a ratio to average prevalence, which in males 
is 0.83,0.99,0.91,1.02,1.33, where an excess prevalence in the top most deprived 
quintile is apparent. The approximately 8000 electoral wards in England are 
assigned to a deprivation quintile. Then the estimated prevalence in that ward 
(based on applying the 1999 HSE model estimates to ward level census data) is 
further adjusted by one of these 5 ratios, depending which deprivation quintile 
that ward is in. The prevalence estimates are then aggregated up to obtain 
estimates in the 354 local authorities in England. 
The advantage of the Bayesian approach over classical methods is that it allows 
the incorporation of prior evidence (or evidence from previous surveys) into 
models of new datasets. So for example, if there is good evidence ethnicity is 
associated with CHD, an informative prior is specified for that variable, leading 
to increased precision of the effect estimate. However in the modelling by 
Congdon vague priors are typically specified on all variables, hence they are the 
same as classical methods. A limitation is that no measure of precision is given 
around the small area predictions of prevalence. This is a problem with all of the 
methodological approaches described. A further limitation is failure to account 
for the hierarchical structure of the data in the regression models fitted to survey 
data. As mentioned before failure to account for clustering in the data can lead 
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to spurious estimates of precision that may be overly precise, reflected by 
standard errors that are too small. 
Methodological approach to generate small area predictions of need using the 
ELSA dataset 
Having reviewed the different methods for generating small area estimates of 
prevalence, the ideal approach for this thesis should have the following 
characteristics: 
- Use of a nationally representative sample of people in the general 
population, as estimates of need for TJR may vary geographically. 
- The national dataset should be regularly updated so prevalence estimates 
do not get out of date. 
- Use a Multilevel modelling approach to allow for the hierarchical 
structure of the data, adjusting standard errors for the effects of clustering. 
- If the Multilevel model suggests evidence of geographical variation over 
and above that explained by variables in the model, the district residual 
can be incorporated into the estimation process, adjusting predictions for 
this additional unexplained variation. 
- Estimates of precision are required around the small area predictions. 
The dataset we will use to generate rates of need for TJR will be the ELSA 
dataset, as this is a nationally representative sample. Unfortunately, ELSA will 
not be reproduced in the future to allow prevalence estimates to be updated, but 
no other suitable data source exists, so this will be a limitation of the analysis. 
The process of generating small area predictions, using district as an example, is 
summarised in figure 6.8. 
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Figure 6.8. Procedure to generate district level predictions 
Calibration dataset 
Fit a Multilevel Poisson regression model to the ELSA dataset 
Add up the parameter estimates from the ELSA model to obtain estimates in 
each possible age, sex, IMD, rurality and ethnic strata 
From the ELSA multilevel model, for each district obtain estimates of the 
residual variation from the mean rate (district level residuals) 
Predictions dataset 
From the 2001 census obtain population estimates according to age, sex and 
CASward. Identify the IMD 2004 deprivation quintile, rurality and ethnic 
group of each CASward. Then identify which district each CASward is in. 
Variables used in both calibration and predictions datasets must be the same. 
Generate district level predictions 
Link the Calibration and Predictions datasets together 
Link the district level residuals from the ELSA multilevel model to the 
districts in this new merged dataset 
Add the district level residuals to the parameter estimates. 
Exponentiate the estimates to convert them into rates. 
Multiply the rate in each age, sex, deprivation, rurality, ethnic and CASward 
group, to the population in each strata, to get the number of people in need of 
joint replacement. 
For each district, total the number of people in need of joint replacement, and 
total number of people in each district. 




We begin by fitting a Poisson regression model to the ELSA dataset, to estimate 
rates of need for TJR by socio-demographic variables age, sex, deprivation, 
rurality and the ethnic mix of the area. In order to generate small area 
predictions, estimates from the regression model are to be combined with 
population counts from the 2001 census. Information on other important 
predictors such as BMI, individual social class and ethnicity are not available as 
ward level population counts, and hence cannot be included. Separate models 
will be fitted for hip and knee replacement. The modelling process and strategy 
of analysis for fitting Poisson regression models is described earlier in section 6.6. 
If there is evidence of clustering in the data (geographical variation over and 
above that explained by the variables in the model) then a Multilevel regression 
model will be used of individuals i, in CASwards j, in districts k (equation 5.8). 
However when fitting the models to the data, there was no evidence of clustering 
across either wards or districts, hence the simpler fixed-effects Poisson model is 
used (equation 5.4). Where evidence of important interactions are observed, 
they are included in the model. In order not to over-fit the models the age term 
will be simplified into 10-year age groups. The estimates from the models are 
given in the tables below: 
Table 6.6. Poisson regression model of need for hip replacement 
Standard 
Variable Log Rate Error Rate Ratio (95%CI) 
Constant -3.917 0.282 
Individual level variables: 
Age groups: 
50-59 
60-69 -0.141 0.383 0.87 (0.41,1.84) 
70-79 0.798 0.327 2.22 (1.17,4.22) 
80-84 1.267 0.388 3.55 (1.66,7.59) 
85+ 0.874 0.561 2.40 (0.80,7.20) 
Sex: 
Female 






2 0.285 0.327 1.33 (0.70,2.52) 
3 0.734 0.309 2.08 (1.14,3.82) 
4 0.76 0.311 2.14 (1.16,3.93) 
Most Deprived 1.463 0.29 4.32 (2.45,7.62) 
Rurality: 
Urban >10k 
Town & Fringe 0.132 0.148 1.14 (0.85,1.53) 
Village/ Isolated -0.087 0.178 0.92 (0.65,1.30) 
Ethnic mix of area: 
White 
Non-white -0.011 0.122 0.99 (0.78,1.26) 
2-way cross-level interactions: 
Age and IMD2004: 
Age60-69 &2 0.222 0.496 1.25 (0.47,3.30) 
Age7O-79 &2 -0.056 0.437 0.95 (0.40,2.23) 
Age80-84 &2 -0.106 0.532 0.90 (0.32,2.55) 
Age85+ &2 0.56 0.676 1.75 (0.47,6.59) 
Age60-69 &3 0.254 0.466 1.29 (0.52,3.21) 
Age7O-79 &3 -0.223 0.412 0.80 (0.36,1.79) 
Age80-84 &3 -0.569 0.507 0.57 (0.21,1.53) 
Age85+ &3 -0.246 0.696 0.78 (0.20,3.06) 
Age60-69 &4 0.694 0.452 2.00 (0.83,4.85) 
Age70-79 &4 -0.355 0.421 0.70 (0.31,1.60) 
Age80-84 &4 -0.37 0.511 0.69 (0.25,1.88) 
Age85+ &4 0.464 0.662 1.59 (0.43,5.82) 
Age60-69 & Most deprived 0.134 0.442 1.14 (0.48,2.72) 
Age70-79 & Most deprived -0.734 0.398 0.48 (0.22,1.05) 
Age8O-84 & Most deprived -1.38 0.521 0.25 (0.09,0.70) 
Age85+ & Most deprived -0.458 0.677 0.63 (0.17,2.38) 
Table 6.7. Poisson regression model of need for knee replacement 
Standard 
Variable Log Rate Error Rate Ratio (95%CI) 
Constant -3.738 0.267 
Individual level variables: 
Age groups: 
50-59 
60-69 -0.348 0.379 0.71 (0.34,1.48) 
70-79 0.965 0.325 2.62 (1.39,4.96) 
80-84 1.542 0.379 4.67 (2.22,9.82) 
85+ 1.388 0.47 4.01 (1.59,10.07) 
Sex: 
Female 




2 0.019 0.319 1.02 (0.55,1.90) 
3 0.789 0.279 2.20 (1.27,3.80) 
4 0.721 0.284 2.06 (1.18,3.59) 
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Most Deprived 1.517 0.264 4.56 (2.72,7.65) 
Rurality: 
Urban >10k 
Town & Fringe -0.15 0.265 0.86 (0.51,1.45) 
Village/Isolated -0.719 0.389 0.49 (0.23,1.04) 
Ethnic mix of area: 
White 
Non-white -0.065 0.104 0.94 (0.76,1.15) 
2-way cross-level interactions: 
Age and Sex: 
Age60-69 & Male -0.128 0.209 0.88 (0.58,1.33) 
Age70-79 & Male -0.83 0.217 0.44 (0.28,0.67) 
Age80-84 & Male -0.451 0.285 0.64 (0.36,1.11) 
Age85+ & Male -0.573 0.342 0.56 (0.29,1.10) 
Age and IMD2004: 
Age60-69 &2 0.552 0.456 1.74 (0.71,4.25) 
Age7O-79 &2 0.323 0.405 1.38 (0.62,3.06) 
Age8O-84 &2 -0.055 0.485 0.95 (0.37,2.45) 
Age85+ &2 0.618 0.554 1.86 (0.63,5.50) 
Age60-69 &3 0.173 0.422 1.19 (0.52,2.72) 
Age70-79 &3 -0.335 0.373 0.72 (0.34,1.49) 
Age80-84 &3 -0.857 0.459 0.42 (0.17,1.04) 
Age85+ &3 -0.621 0.566 0.54 (0.18,1.63) 
Age60-69 &4 0.928 0.415 2.53 (1.12,5.71) 
Age7O-79 &4 -0.035 0.379 0.97 (0.46,2.03) 
Age80-84 &4 -0.331 0.459 0.72 (0.29,1.77) 
Age85+ &4 -0.176 0.575 0.84 (0.27,2.59) 
Age60-69 & Most deprived 0.411 0.405 1.51 (0.68,3.34) 
Age70-79 & Most deprived -0.689 0.366 0.50 (0.25,1.03) 
Age8O-84 & Most deprived -1.348 0.458 0.26 (0.11,0.64) 
Age85+ & Most deprived -0.855 0.564 0.43 (0.14,1.28) 
Age and Rurality: 
Age60-69 & Town & Fringe 0.693 0.347 2.00 (1.01,3.95) 
Age7O-79 & Town & Fringe 0.563 0.334 1.76 (0.91,3.38) 
Age8O-84 & Town & Fringe -0.421 0.549 0.66 (0.22,1.93) 
Age85+ & Town & Fringe 0.128 0.56 1.14 (0.38,3.41) 
Age60-69 & Village/Isolated 1.016 0.476 2.76 (1.09,7.02) 
Age7O-79 & Village/Isolated 0.756 0.471 2.13 (0.85,5.36) 
Age80-84 & Village/Isolated 0.956 0.532 2.60 (0.92,7.38) 
Age85+ & Village/Isolated 0.69 0.594 1.99 (0.62,6.39) 
Having fitted the ELSA models, the next step is to add up the estimates to work 
out the predicted log rates in each possible age, sex, deprivation, rurality and 
ethnic group (there are 300 such groups). In the simplest case, the predicted log 
rate of need for hip replacement in the baseline group is the summation of the 
estimate in people aged 50-59, female, in the least deprived group, urban and 
white areas (-3.917). Whilst the log rate of need for hip replacement in a person 
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aged 60-69, female, most deprived, Town & Fringe, and Non-white area is the 
sum of (-3.917 + -0.141 +0+1.463 + 0.132 + -0.011 + 0.134) which equals -2.34. 
Hence we have estimated the predicted log rates, and their associated standard 
errors, in each of the 300 possible age, sex, deprivation, rurality and ethnic 
groups, for the models of hip and knee replacement. This forms our ELSA 
'calibration' datasets, which is a data matrix 300 rows long by 1 column wide 
(300*1). 
If evidence of district level variation had been observed, this could have 
incorporated into the predictions process. From the Multilevel model we would 
have had a dataset of district residuals in a matrix (1*354). For each district, we 
add the district residual to each of the 300 predicted log rates forming a data 
matrix (300*354). The log-rates are then exponentiated to convert them into rates. 
P, 
PZ 
If P= . and D= 






P* DZ PI * D354 
P2 
Z.. 
P300 * D2 " P300 * D354 
This then forms the 'calibrations' dataset. 
Predictions dataset 
The following information is available from the 2001 census: 




- IMD2004 deprivation quintiles (Least, 2,3,4, Most) (estimated for each 
CASward) 
- Rurality (Urban zlOk, Town & Fringe, Village/Isolated) (estimated for 
each CASward) 
- Ethnic mix of the area (White, Non-White) (estimated for each CASward) 
So we know the population by age and sex in each CASward (as well as the 
deprivation, rurality and ethnic group associated with that CASward). 
In Stata we reshape this dataset so that we have the estimated population count 
in each of the 300 groups, for each of the 7969 CASwards (forming a dataset 300 































This forms the 'predictions' dataset. 
Generate ward level predictions 
We now need to apply the predicted rates in each of the 300 groups in the 
'calibration dataset, to the population counts in each of the 300 groups in the 
'predictions' dataset. We need to do this matching on which district the ward 
belongs to. Therefore: 
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PID, * C, (, ),, 
PD, * CZ(, ),, 
Ppred Ddist * Cward(dist), pred 
PD354 * C7969(354)1 
1 
PZD1 *C u>>. 2 
PZD, * C2(1) 2 
P2D354 *C 
7969(354), 2 





We then sum across the rows to get the total expected numbers of people in need 





From the predictions dataset, if we sum across the rows, we get the total number 





The expected counts are then divided by the overall total population count in 
each ward, to get a predicted rate of need for joint replacement in each ward. 
Generate district level predictions 
If we want to generate a predicted rate of need in each district, as we know 
which district each census ward belongs to, we simply take matrix E,., d(d,, ) and 
sum the expected counts in each district. Then take matrix Twa,. (d, $, )and sum the 
total number of people in the population in each district. Dividing the expected 
count, over the total population count in each district, we get the predicted rate 
in each district. 
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Generating predicted rates of need in each age-sex-CASward group in England 
For the equity analyses, we need to create a dataset containing the predicted rate 
of need for TJR, in each age (50-59,60-69,70-79,80-84,85+), sex (Male, Female), 
and CASward (7969) group in England. Hence predicted rates of need in 79,690 
age-sex-CASward groups. In order to do this we can use the methodological 
approach described above. When reshaping the predictions dataset, we get the 
estimated population in each of the 300 groups, for each of the 79690 age-sex- 















Then we repeat the method described above, applying the predicted rates of 
need in the 300 groups in the 'calibrations' dataset, to the population counts in 
the 300 groups in the 'predictions' dataset, to get expected numbers of people in 
need. Summing across the 300 groups we get the total expected numbers of 
people in need of TJR in the 79,690 age-sex-CASwards. From the 'predictions' 
dataset we can sum across the 300 groups to get the total numbers of people in 
the population in the 79690 age-sex-CASward groups. By dividing expected 
numbers of people in need, by the total number of people in the population, we 
get the overall rate of need for TJR in the 79,690 age-sex-CASward groups in 
England. 
Creating estimates of precision around predicted rates of need for TJR 
The difficulty with the above process is how to get a standard error and 95% 
confidence interval around these predicted rates of need? The solution is to fit 
the ELSA models in the statistical software WinBUGS, and carry out all the above 
calculations using WinBUGS. This gives standard errors and 95 % credible 
intervals around the predicted rates of need. To demonstrate how WinBUGS 
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does this, we use the ELSA knee model as an example, where we create district 
level predictions. 
Firstly, a fixed-effects Poisson model is fitted in WinBUGS to generate log rates of 
need for knee replacement using the ELSA data (Table 6.7). In a Bayesian 
analysis, every variable in the model is given a prior distribution. The prior 
distribution is used to describe all information known about the variables in the 
model. Here we have used flat non-informative priors to express that little is 
known about the variables. If we already had good evidence about the effects of 
the variables in the model, we could have used more informative priors, to 
express our prior belief of their effects on rates of need for joint replacement, 
which will result in a more precise estimate and hence narrower confidence 
intervals. In a Bayesian analysis, the distribution of the model parameters is 
obtained by combining a likelihood function with the prior distribution for the 
parameters to obtain the posterior distribution. When a flat non-informative prior 
is used, as in this case, the posterior density is dominated by the likelihood 
function and, hence provides very similar inference to likelihood based 
frequentist or classical methods. 
Markov Chain Monte Carlo (MCMC) methods are then used to evaluate the 
posterior distribution. This is done using Gibbs Sampling (implemented using 
WinBUGS), which simulates a new value for each parameter in the model from 
its conditional distribution assuming the current values of the other parameters 
are the true values. Sampling is continued until the simulated posterior is 
considered to have converged to the true posterior. Simulations are then 
discarded and further simulations run on which inference is based. Before the 
simulation can be started, we need to choose a set of initial values for each of the 
parameters in the model. To assess convergence, we create two or more sets of 
initial values (chains). It will take a while for the chains to converge and sample 
from the actual posterior distribution. The period when the chains are settling 
down is known as the burn-in period. 
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In WinBUGS, we can use Brooks-Gelman & Rubin (BGR) diagnostic plots to 
assess model convergence. These are plots that monitor two or more chains that 
have been run. BGR plots compare within and between-chain variability. The 
measure of posterior variability is the width of the credible interval for the 
parameter of interest. The blue line is the average width of the credible interval 
across the chains (average). The green line is the width of the credible interval 
combining the chains together (pooled). The red line is then the ratio of pooled 
to average interval widths (the ratio of the value of the green line over the 
estimate for the blue line). For convergence to occur, we require the red line to 
converge to 1, and the blue and green lines to converge to stability. We need to 
assess convergence of each variable in the model, along with variance terms. In 
Appendix 6.3 (figures A. 6.10 and A. 6.11) are BGR plots for the model variables 
(betas), where we have monitored two chains for 5,000 iterations (2,500 for each 
chain). Looking at the plots we can see convergence has occurred by 2,000 
iterations. 
The first 5,000 iterations are then discarded and we now monitor node beta for a 
further 2000 iterations on 2 chains (4000 iterations) so that the MC error of the 
nodes is less than 5% of the sample deviation. Summary statistics for the 
variables in the model (the betas) can then be obtained based on the further 4000 
iterations run monitoring beta after convergence has occurred. For each variable 
(beta) in the model i. e. males, the estimates from the 4000 iterations run for that 
variable, form the posterior distribution for the variable. So the mean log rate for 
males in the model is the mean of the posterior distribution (hence the mean of 
the 4000 iterations produced for the variable male). The 95% credible interval is 
the 2.5% centile, and the 97.5% centile of the posterior distribution. 
In order to generate the predicted rates of need in each district, we have 
extended the model code in WinBUGS to generate the predicted rates in each of 
the 300 possible age, sex, deprivation, rurality and ethnic groups. This is done 
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using logical expressions to create new variables that sum the betas in the model 
to estimate the 300 predicted rates. The 300 predicted rates are then applied to 
population counts from the census to get the expected number of people in need 
in each of the 300 age, sex, deprivation, rurality and ethnic groups, for each of the 
354 districts. The expected counts are then summed together to get the total 
number of people in need in each of the 354 districts. Then the expected count is 
divided by the total number of people in the population in each district to get the 
predicted rate of need in each district. 
This can all be run in the same WinBUGS model enabling us to generate the 
predicted rate of need for joint replacement in each district (the WinBUGS model 
code for hip replacement is given in Appendix 6.4). As described above, 
WinBUGS produces 4000 iterations (predicted rates) for each of the 354 districts 
forming a posterior distribution for the prediction of each district. The overall 
predicted rate for each district is therefore the mean of the posterior distribution 
of that district, along with the 2.5% and 97.5% centiles forming a credible interval 
for the predicted rates. 
Computational problems 
When using WinBUGS to generate the 354 district level predictions of need the 
software can cope and is able to do the computations. Unfortunately, when 
attempting to estimate need in the 79,690 age-sex-CASward groups WinBUGS 
crashed. The problem is that WinBUGS has to do the logical expressions on each 
of the 4000 iterations (2000x2 chains). So for example, it is doing the matrix 
multiplication of (300x1)*(79690x300) 4000 times. A standard PC does not have 
either the RAM or processing power to do this. 
One way to get around this is to use another statistical software package to 
calculate the logical expressions. In order to do this the WinBUGS models are 
run and fitted to estimate the model coefficients (log-rates) of need. We can then 
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export and save the model 'CODA' as text files. The CODA contains the 4000 
iterations (log-rates) that form the posterior distribution of each of the regression 
model coefficients. So if we import the CODA into another statistical package, 
we can then do the logical operations needed to generate predicted rates of need 
in the 79690 age, sex, CASward groups. 
We then import the CODA to the statistical software package R. R is available on 
the supercomputer in the Department of Social Medicine. This high-powered 
computer cluster (HPC) comprises of 16 CPUs (nodes), and has 2Gb RAM per 
node. Having written an R script to generate predicted rates of need, the 
program still failed to run as the HPC did not have enough memory. Instead the 
79,690 age, sex, CASwards were split into 160 separate groups, so effectively 160 
R scripts were written, and pulled together into 1 long R script that was 
submitted to the HPC. This then took just 6 hours to run producing predicted 
rates of need in each of the 79,690 age, sex, CASward groups. Repeating the 
process for models of hip and knee replacement, we now have two datasets 
containing predicted log-rates of need in 79,690 age, sex, CASward groups, along 
with their standard errors ready for equity analysis. 
6.7.2. Predicting rates of provision of TJR across small areas of England 
Using the HES dataset we wish to get overall predicted rates of provision in 
small areas of England. Unlike for ELSA, the HES dataset contains all people in 
England having hip or knee replacement operations, so we do not need to apply 
HES estimates to population counts from the census as described above in order 




Firstly a Poisson regression model is fitted to the data. Separate models are fitted 
for hip and knee replacement. The strategy of analysis for fitting Poisson 
regression models was described earlier in section 6.6. Next we estimate the 
linear predictor, which is the sum of the betas for each of the 79,690 observations 
i in the dataset. 
Q0CONS, +X13, age60, +, 82age70, + f3age80, +ß4age85, +/35sexM, 
linearpred, _ +ßbimd2, +/37imd3, +/38imd4, +/39imdMost, +ß1oTownFringe, (5.11) 
+ %fVillage, + ß12NonWhite, +... 
The overall predicted log-rate in each district, is then just the mean of the linear 
predictor for each district. This is repeated for each district resulting in a set of 
354 predicted log rates. 
If evidence of clustering is observed, and a Multilevel Poisson regression model 
used, we will have an estimate of the residual district variation vk . This is 
additional district level variation in provision rates that is not explained by the 
variables in the regression model. So for each of the 354 districts k, we add the 
mean of the linear predictor, to the district level residual. 
pred. districtk = mean. linear. pred. districtk + Vk (5.12) 
The log-rates are then exponentiated to get the overall rate of provision in each 
district. To ensure estimates of precision are obtained for the predicted rates of 
provision, the models are fitted using the Bayesian software WinBUGS (see 
appendix 6.5 for WinBUGS code for hip replacement). 
Predicted rates of provision in each age-sex-CASward group in England 
For the equity analyses, we need a dataset containing the predicted rate of 
provision of TJR, in each of the 79,690 age-sex-CASward groups in England. To 
do this we use the same methodological approach described above. As before 
we estimate the linear predictor (equation 5.11). The predicted log-rate of 
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provision in each age-sex-CASward group is then just the mean of the linear 
predictor for each age-sex-CASward. As there are only 79,690 observations in 
the dataset, and we want the predicted log-rate for each of the 79,690 age-sex- 
CASwards i, the predicted log-rate of provision is just the linear predictor for 
each observation i. If there is evidence of clustering across CASwards, and a 
Multilevel Poisson regression model is used, we will have an estimate of the 
ward level residual variation of . So 
for each of the 7969 CASwards j in England, 
we can then add this estimate of additional ward variation, unexplained by the 
variables in the model, to the prediction. 
pred. ward5OFF = mean. linear. pred. ward5OFj + u, 
pred. ward50M, = mean. linear. pred. ward5OMj + u, 
pred. ward60F, = mean. linear. pred. ward60Fj + u, (5.13) 
pred. ward85M, = mean. linear. pred. ward85M, + u, 
This forms a dataset of the predicted log-rates of provision in the 79,690 age-sex- 
CASward groups in England, ready for the equity analyses. 
6.8. Log-linear regression modelling to explore equity in access to 
care 
For both hip and knee replacement we now have two datasets for the equity 
analysis: 
- log-rates of need (standard errors) in 79690 age, sex, CASward groups 
- log-rates of provision (standard errors) in 79690 age, sex, CASward groups 
For each CASward in England, we know the deprivation, rurality and ethnic 
group that ward belongs to. Hence, we have created indicators for these 
variables in the dataset. Hospital trust characteristics and distance variables 
have also been estimated at CASward level and can be linked into the dataset. 
Finally, as we have a CASward identifier, we know which district the CASward 
belongs to, and so can create a district ID. The equity dataset now contains all 
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socio-demographic variables, hospital trust characteristics, distance measures, 
and geographical identifiers, ready for equity analysis. 
A log-linear regression model can be fitted to the dataset, where the outcome is 
the log-rate of provision over the log-rate of need. Exposures are socio- 
demographic variables, hospital trust characteristics and distance measures. 
Fitting the log-linear model produces equity rate ratios for each exposure in the 
model, providing evidence of whether there is inequity in access to care for joint 
replacement. An equity rate ratio (RR) of 1 implies that there is no inequity in 
access to care. An equity RR <1 implies that one group of people are receiving 
less provision in relation to their need, compared to another group of people. 
For example assume people living in least deprived areas form the baseline 
reference group, and we find people living in the most deprived areas have an 
equity RR of 0.3. That implies that people in the most deprived areas receive 0.3 
times (70%) less provision in relation to need, compared to people living in the 
least deprived areas. So in this example, an equity RR <1 implies inequity 
favouring people living in better off areas. An equity RR >1 implies a group 
receives more provision in relation to their need than another group. For 
example, if women are the baseline group, and men have an equity RR of 1.5, 
then men receive 1.5 times more provision relative to their need than women do. 
We fit the log-linear regression model using the statistical software WinBUGS, 
which provides a flexible environment to reflect the uncertainties in the model 
inputs, and provide rate ratios and credible intervals (see appendix 6.6 for hip 
model WinBUGS code). 
The estimates of need and provision are given normal likelihood functions: 
y_need; - N(p need,, QZ need; ) 
yprov; - N(p provt, QZprov; ) 
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where i =1,..., 79690. 
To begin with, a fixed-effects log-linear regression model is fitted to the data, 
expressed as: 
log(rateprov, ) = log(rate_need, ) + /OCONS + ß1x1, +, 62x2, + ... + e, (5.14) 
= log(rate_need, ) + /3OCONS + ßX; + e, 
This can be re-written as: 
log(rateprov, ) - log(rate_need, ) = ß0CONS + ßX; + e, 
rate_prov, T log 
rate_need, 
= ß0CONS + ßX, + e, (5.14a) 
where log 
rate-prov, is the log of the rate ratio of provision to need for each 
rate_need, 
age-sex-CASward group i. CONS is the constant term, XT the vector of 
explanatory variables, and e, is the individual level residual constrained to a 
Normal distribution. 
A description of how regression models are fitted using WinBUGS has already 
been described earlier in this chapter. For the log-linear regression models, we 
have used flat non-informative priors for each variable in the model, to express 
that little is known about the variables. 
Next, we must consider whether there is evidence of overdispersion by allowing 
for clustering within the data. In this dataset we have a nested hierarchical 
structure, of individuals in age-sex group i, within CASward j, within district k. 
To control for clustering in the data, a Multilevel (random-effects) log-linear 
regression model can be fitted expressed as: 
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rate_prov. log 'k I= /3ojkCONS + ßX v"k + Uj + Vk + eck 5.15 rate_need; Uk 
() 
rateprov. 
where log ` is the log of the rate ratio of provision to need in age-sex 
rate_need; 
group i, in ward j, in district k. CONS is the constant term, X; k the vector of 
explanatory variables, u, is the ward residual term distributed N(O, au'), vk is the 
district residual term distributed N(O, a, '), and elIk the individual level residual 
constrained to a Normal distribution. 
We then consider whether there is overdispersion that remains after controlling 
for clustering. In order to do this we will fit a Multilevel log-linear regression 
model with extra residual variation, which allows for over dispersion by 
adjusting the standard errors to account for this missing information. An 
example of fitting such a model is given in the WinBUGS help menu 163. An 
additional term lambda Ak is added to the regression equation, and we test for 
whether there is additional overdispersion that remains after controlling for 
clustering by comparing models with and without this extra term: 
rate_prov yk r log = ßoýkCONS+ßXýk +Uý +Vk +ýýk +eýk 5.16 rate_need#k () 
ratejrov, 
where log is the log of the rate ratio of provision to need in age-sex 
rate_need, 
group i, in ward j, in district k. CONS is the constant term, XL the vector of 
explanatory variables, u, is the ward residual term distributed N(0, o 
), vk is the 
district residual term distributed N(O, a, 
), A, k is the overdispersion parameter 




At this stage we will test for interactions (effect modification) between the socio- 
demographic variables age, sex, deprivation, rurality, and the ethnic mix of the 
area 
If evidence of overdispersion is observed, a Multilevel regression model will 
have been fitted to the data. This is a random-intercepts model, where the 
constant term is allowed to vary across wards and districts. This allows us to 
investigate whether the effect of equity in access to care varies across wards, or 
districts. The model can then be extended further, by fitting random slope terms 
to variables age, sex, deprivation, rurality, and the ethnic mix of the area. This 
allows us to consider whether the effect of equity, say according to different age 
groups, varies by district. Finally, we adjust for hospital trust characteristics and 
distances measures, to see the extent to which they explain variations in equity in 
access to care. 
Having decided on a modelling strategy, we now need to consider the issue of 
comparing different regression models in WinBUGS. In other statistical software 
packages such as Stata, it is possible to compare the fit of two models by 
performing a likelihood ratio test. We simply fit a model including say an 
additional variable of T&O consultants, and use a likelihood ratio test to compare 
it to another model excluding this variables. We can then consider the resulting 
P-value from the LRT to see whether there is evidence the model including the 
extra variable is a better fit than the model without. Such model fitting is not 
possible in a Bayesian paradigm. Instead each regression model is fitted 
separately and the DIC (Deviance Information Criterion) 164 used for model 
comparison. 
DIC = Dbar + pD = Dhat + 2pD (5.17) 
where: 
Dbar = the posterior mean of the deviance. 
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Dhat = -2 * log-likelihood 
PD = the effective number of parameters 
Lower DIC represents a better fitting model after taking account of model 
complexity. A complex model may give a better fit but at the expense of a large 
increase in parameters and model complexity. According to information on the 
WinBUGS website (http: // www. mrc- 
bsu. cam. ac. uk/bugs/winbu sg /dicpage. shtml), differences of more than 10 
might definitely rule out the model with the higher DIC, differences between 5 
and 10 are substantial. We will therefore fit each model separately in WinBUGS 
and use the DIC to compare model fit. The model fitting strategy is summarised 
in figure 6.9. 
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Figure 6.9. Strategy of analysis for Log-linear regression modelling 
1. In WinBUGS, fit a fixed effects Log-linear regression model to the data 
including socio-demographic variables of age, sex, IMD2004 deprivation 
quintiles, rurality, and the ethnic mix of the area. All variables are a priori 
to be included in the final multivariable model, regardless of their effect 
on confounding or improvement of model fit. 
2. In WinBUGS, fit a random effects log-linear regression model, to consider 
whether there is evidence of clustering across CASwards, or districts. Use 
the DIC to compare model fit. 
3. In WinBUGS, fit a random effects log-linear regression model with extra- 
Poisson variation, to determine whether there is evidence of 
overdispersion that remains after allowing for clustering in the data. Use 
the DIC to compare model fit. 
4. In WinBUGS, test for evidence of 2-way interactions between each of the 
socio-demographic variables, using the DIC to compare model fit. 
5. In WinBUGS, explore whether there is evidence the effect of each socio- 
demographic variable varies geographically across districts by fitting 
models with random slopes to each of the covariates, using the DIC to 
compare model fit. 
6. In WinBUGS, adjust for hospital trust characteristics and distance 
measures. Use the DIC to consider model fit, and only include variables if 
they improve model fit. Backwards selection will be used, by fitting the 
full model, and then exploring whether there is evidence a covariate can 
be removed if it does not improve model fit. 
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CHAPTER 7. INEQUALITIES IN THE PROVISION 
OF JOINT REPLACEMENT OF THE HIP AND 
KNEE IN ENGLAND 
There are two main aims to the analysis of HES data in this chapter: 
1. To explore inequalities in the provision of primary hip and knee 
replacement, by various socio-demographic variables, hospital trust 
characteristics, and measures of distance 
2. To predict adjusted overall rates of provision in each of the 354 districts in 
England 
7.1. Poisson regression analysis including socio-demographic 
variables of age, sex, IMD2004 deprivation quintiles, rurality, 
and the ethnic mix of the area 
Below are some descriptive statistics of the numbers of people in each of the 
different socio-demographic groupings: 
Table 7.1. Number of hip and knee replacement operations in the 2002 HES 
financial year 
Hip Knee 
Number (%) Number (%) 
Total: 36,687 (100.0%) 38,727 (100.0%) 
Socio-demographics: 
Age groups: 
50to54 1,828 (5.0%) 1,113 (2.9%) 
55to59 3,492 (9.5%) 2,808 (7.3%) 
60to64 5,285 (14.4%) 4,906 (12.7%) 
65to69 7,097 (19.3%) 7,302 (18.9%) 
70to74 7,378 (20.1%) 8,572 (22.1%) 
75to79 6,078 (16.6%) 8,071 (20.8%) 
80to84 3,904 (10.6%) 4,456 (11.5%) 
85+ 1,620 (4.4%) 1,488 (3.8%) 
Missing 5 (0.0%) 11(0.0%) 
Sex: 
Female 22,566 (61.5%) 22,431(57.9%) 
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Male 14,119 (38.5%) 16,294 (42.1%) 
Missing 2(0.0%) 2(0.0%) 
IMD2004 deprivation quintiles: 
Least deprived 8,002 (21.8%) 7,857(20.3%) 
2 8,704 (23.7%) 8,552 (22.1%) 
3 7,885 (21.5%) 8,371 (21.6%) 
4 6,687 (18.2%) 7,516 (19.4%) 
Most Deprived 5,409 (14.7%) 6,431 (16.6%) 
Ethnic mix of the area: 
White 7,446 (20.3%) 7,229 (18.7%) 
Asian 4,571 (12.5%) 4,612 (11.9%) 
Black 1,085 (3.0%) 1,037 (2.7%) 
Other 1,807 (4.9%) 1,739 (4.5%) 
Mixed 21,778 (59.4%) 24,110 (62.3%) 
Rurality: 
Urban >10k 27,572 (75.2%) 30,474 (78.7%) 
Town & Fringe 4,737 (12.9%) 4,366 (11.3%) 
Village/Isolated 4,378 (11.9%) 3,887 (10.0%) 
Looking at the numbers of operations according to the various socio- 
demographic domains for both hip and knee replacement (Table 7.1), the number 
of joint replacement operations increases with age up to age 70-74, then falls in 
the older age groups. Women receive more operations than men, as do people 
living in the least deprived areas. More operations are performed on people 
living in areas of Mixed ethnicity, and in urban areas. 
Poisson regression modelling is used to estimate rates of provision of TJR. The 
strategy of analysis is described in figure 6.7 in chapter 6. Firstly, a fixed-effects 
Poisson regression model is fitted in Stata including the socio-demographic 
variables age, sex, deprivation, rurality and ethnic mix of the area. Next we 
consider whether overdispersion is present by controlling for clustering in the 
data. A random-effects Poison regression model is fitted in Stata that allows for 
clustering across CASwards. The resulting p-value of < 0.001, for separate 
models of hip and knee replacement, provides strong evidence of overdispersion 
such that a random-effects Poisson regression model will be used. A further 
consideration is whether there is overdispersion that remains after controlling for 
clustering. To test for this, a Negative-Binomial Random-Effects regression 
model is fitted in Stata. Separate models were fitted for both hip and knee 
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replacement, with resulting p-values of < 0.001 providing strong evidence of 
overdispersion remaining after controlling for clustering. The Negative-Binomial 
Random-Effects regression model will therefore be used in the analysis. 
7.1.1. Analysis of Hip Replacement 
Table 7.2. Rates of admission for primary hip replacement operations in the 2002 
HES financial year, by socio-demographic groups (Negative-Binomial Random- 
Effects regression analysis using Stata) 
Adjusted Rate per 
Crude Rate Ratios Adjusted Rate 100,000 population 
(95%CI) Ratios (95%CI) (95%CI) 
Age groups: 
50to54 1.00 
55to59 2.32 (2.19,2.46) 
60to64 4.10 (3.88,4.33) 
65to69 6.12 (5.80,6.45) 
70to74 7.02 (6.67,7.40) 
75to79 6.85 (6.50,7.23) 
80to84 6.55 (6.19,6.93) 
85+ 3.16 (2.95,3.38) 
P Linear trend P<0.001 
P Non-linear trend P<0.001 
Sex: 
Female 1.00 
Male 0.74 (0.73,0.76) 
IMD2004 deprivation quintiles: 





P Linear trend 











































Town & Fringe 
Village/ Isolated 
P Linear trend 




































Inequalities in the provision of joint replacement of the hip and knee in England 
Rates of hip replacement increase with age up to age-group 75-79, before falling 
substantially in those aged 85+ (Table 7.2). Men receive 0.77 times (23%) less 
provision of hip replacement than women do. Those living in the most deprived 
areas receive less provision than those in the least deprived areas. However the 
relationship does not appear to be linear with rates falling slightly in the least 
deprived areas. People living in Black, Asian, and Mixed ethnic areas receive 
lower rates of provision, compared to people living in White areas. However in 
multivariable models the effects were attenuated such that there was only good 
evidence of this for people living in areas of Mixed ethnicity. Those living in 
rural areas receive greater levels of provision of hip replacement. 
Tests for evidence of effect modification demonstrated good evidence of 
interactions between several pairs of socio-demographic variables (Figure 7.1). 
These interactions are summarised below: 
Age and sex: [Interaction P<0.001] 
o The effect of age differs for males and females. Between ages 50-69 and those 
85+ effect of age is the same between males and females. However between 
ages 70-84 the age effect is greater in females than in males. 
o The effect of sex varies according to age group. There is good evidence that 
women receive greater levels of provision than men across all age groups, 
however this gender effect is greatest in those aged 70-84 and weakest in 
those aged 50-59 and 85+. 
Age and deprivation: [Interaction P<0.0011 
o The effect of age differs by deprivation group. The effect of age is the same in 
each deprivation group, in that provision increases up to age 75-79, then falls 
in those aged 85+. However the effect is strongest in the least deprived 
groups, and weakest in the most deprived. 
o The effect of deprivation varies according to age. In those aged 50-59 
provision increases as levels of deprivation increase such that those living in 
the most deprived areas receive greater provision than those in the least 
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deprived areas. However in ages 60+ the opposite is seen with those living, 
in the most deprived areas receiving lower provision than those in least 
deprived-areas. This effect attenuates with age such that it is worst in those 
aged 85+. 
Age and ethnicity: [Interaction P<0.001] 
o The effect of age is the same in each ethnic group, but the age effect is greatest 
for those living in Non-White areas. 
o The ethnicity` effect is only apparent in those aged 50-79, with weaker 
evidence of an effect in those aged 80-84, and no evidence in those aged 85+. 
Age and rurality: [Interaction P=0.016] 
o The effect of age is the same in each rurality group. However the age effect is 
greatest for people living in Village/Isolated areas, and weakest for people 
living in Urban areas. 
o For people aged 50-84, living in more rural areas is associated with increased 
provision compared to those living in Urban areas. However there is no 
evidence'of a rurality effect in those aged 85+. 
Sex and ethnicity: [Interaction P<0.001] 
o The gender effect is greater for people living in non-white areas than white 
areas. Such that women living in non=white areas receive greater provision 
than women living in white areas. 
o The ethnicity effect is greater in women than men. Women living in non- 
white areas receive less provision than men living in non-white areas. 
Sex and rurality: [Interaction P<0.001] 
o The effect of gender is the same in urban and rural areas, but the effect of 
women receiving greater provision is greatest in urban than in 
Village/Isolated areas. 
o The rurality effect is the same according to gender, in that people living in 
urban areas receive lower levels of provision, but the effect is greater in men 
than women, such that men living in Town & Fringe and Village/Isolated 
areas get greater provision than women living in these areas. 
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Figure 7.1. Graphs of two-way interactions for hip replacement 
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7.1.2. Analysis of Knee Replacement 
Table 7.3. Rates of admission for primary knee replacement operations in the 
2002 HES financial year by socio-demographic groups (Negative-Binomial 
Random-Effects regression analysis using Stata) 
Crude Rate Ratios Adjusted Rate Ratios Adjusted Rate per 100,000 
(95%CI) (95%CI) population (95%CI) 
Age groups: 
50to54 1.00 
55to59 3.05 (2.84,3.28) 
60to64 6.23 (5.83,6.66) 
65to69 10.31 (9.66,11.00) 
70to74 13.39 (12.56,14.27) 
75to79 14.93 (14.00,15.92) 
80to84 12.30 (11.50,13.16) 
85+ 4.77 (4.40,5.17) 
P Linear trend P<0.001 
P Non-linear trend P<0.001 
Sex: 
Female 1.00 
Male 0.86 (0.84,0.88) 
IMD2004 deprivation quintiles: 
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Provision of primary knee replacement increases with age up to age 75-79, before 
declining in the older age groups (Table 7.3). Women receive greater provision 
than men. In univariable analyses, there was evidence people living in the least 
deprived areas received the lowest level of provision, but in multivariable 
analysis the effect of people in the most deprived area changed direction such 
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that they now received the least provision. Age, rurality and the ethnic mix of 
the area were the main confounders that caused the attenuation of the 
deprivation effect in the fully adjusted model. In univariable analysis there was 
evidence that people living in areas of Mixed ethnicity received lower provision 
than those living in White areas (with weak evidence of lower provision in Black 
and Asian areas). However after adjustment this effect was attenuated. In 
multivariable analysis there was no evidence rurality was associated with rates 
of provision of primary knee replacement. 
Good evidence of interaction was observed between the following socio- 
demographic variables (Figure 7.2): 
Age and sex: [Interaction P<0.001] 
o Between ages 50-69 and those 85+ the effect of age is similar between males 
and females. However between ages 70-84 the age effect is greater in women 
than in men. 
o Between ages 50-84 women receive greater provision than men do. However 
the opposite is seen in those aged 85+ where men receive greater levels of 
provision. 
Age and deprivation: [Interaction P<0.001] 
o The effect of age is the same in all deprivation groups, where provision 
increases with age up to age 75-79, before falling in the older age groups. 
However this age effect is strongest in those living in the least deprived areas, 
and weakest for those living in the most deprived areas. 
o The deprivation effect is different in different age groups. In those aged 50-54 
there is a trend of provision increasing with increasing levels of deprivation 
such that the most deprived get the most provision. However the effect 
attenuates with age, and by age 85+ the opposite trend is seen, with provision 
decreasing with increasing levels of deprivation, such that the most deprived 
now receive the lowest level of provision. 
Age and ethnicity: [Interaction P<0.001] 
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o The effect of age is the same for people living in both White and Non-White, 
areas, but this age effect is strongest for people living in Non-White areas. 
o People aged 50-79 living in Non-White areas receive lower levels of provision 
than those living in White areas. The opposite is seen for people aged 80+ 
living in Non-White areas who receive greater levels of provision than those 
living in White areas. 
Sex and ethnicity: [Interaction P<0.001] 
o The effect of gender (women receiving greater provision than men) is the 
same for people living in White and Non-White areas. However the gender 
effect is stronger for people living in Non-White areas. 
o The effect of the ethnic mix of the area people live in differs according to 
gender. Women living in Non-White areas receive lower provision than 
women living in White areas. Yet men living in Non-White areas receive 
greater provision than men living in White areas. 
Sex and rurality: [Interaction P<0.001] 
o The gender effect is the same for the different rurality groups. However the 
gender effect is strongest for people living in urban areas. 
o Women living in Town & Fringe and Village/Isolated areas receive less 
provision than women in living in Urban areas. However men living in 
Town & Fringe areas receive greater provision than those in Urban areas. 
Men living in Village/Isolated areas receive similar levels of provision to men 
in Urban areas. 
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Figure 7.2. Graphs of two-way interactions for knee replacement 
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7.2. Analyses examining the impact of hospital trust characteristics 
and road travel times on the provision of total joint 
replacement 
7.2.1. Random-Effects Negative-Binomial regression analysis in Stata 
We now extend the model by adjusting for hospital trust characteristics and 
distance measures. Firstly a univariable analysis is conducted, looking at the 
association between each variable on provision of hip and knee replacement. For 
the multivariable model, we started with a full model including all socio- 
demographic and hospital trust variables, and the travel time distance measure. 
Backwards selection was then used to simplify the model, using likelihood ratio 
tests to remove variables that did not improve the model fit. 
In the multivariable model for hip replacement (Table 7.4; Model 2), adjustment 
for hospital trust and distance variables attenuated the effects of deprivation, 
ethnicity and rurality. There is now weaker evidence that people living in the 
most deprived areas receive lower rates of THR compared to those in the least 
deprived areas. Evidence that people living in areas of mixed ethnicity receive 
less provision of THR than those in White areas is also weaker. There is still 
evidence of a rurality effect with people living in rural areas receiving greater 
provision of THR than those in urban areas but the effect is smaller. 
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Table 7.4. Rates of admission for primary hip replacement operations in the 2002 











50to54 1.00 1.00 1.00 1.00 
55to59 2.32 (2.19,2.46) 2.32 (2.19,2.46) 2.31 (2.18.2.45) 2.30 (2.17.2.44) 
60to64 4.10 (3.88,4.33) 4.10 i3.8814.33' 4.09 (3.87,4.33) 4.08 (3.85,4.32) 
65to69 6.12 (5.80,6.45) 6.10 (5.79,6.43) 6.11 (5.79,6.44) 6.08 (5.76,6.42) 
70to74 7.02 (6.67,7.40) 6.97 (6.62,7.35) 6.96 (6.60,7.34) 6.92 (6.55,7.31) 
75to79 6.85 (6.50,7.23) 6.74 (6.39,7.11) 6.72 (6.37,7.10) 6.69 (6.33,7.06) 
80to84 6.55 (6.19,6.93) 6.37 (6.01,6.74) 6.37 (6.01,6.75) 6.33 (5.97,6.71) 
85+ 3.16 (2.95,3.38) 2.99 (2.79,3.20) 3.00 (2.80,3.22) 2.99 (2.79,3.21) 
P Linear trend P<0.001 P<0.001 P<0.001 
P Non-linear trend P<0.001 P<0.001 P<0.001 
Sex: 
Female 1.00 1.00 1.00 1.00 
Male 0.74 (0.73,0.76) 0.77 (0.75,0.78) 0.77 (0.75,0.78) 0.77 (0.75,0.78) 
IMD2004: 
Least deprived 1.00 1.00 1.00 1.00 
2 1.06 (1.02,1.10) 1.03 (0.99,1.07) 1.05 (1.01,1.08) 1.04 (1.01,1.08) 
3 1.03 (1.00,1.07) 1.02 (0.98,1.06) 1.05 (1.01,1.09) 1.05 (1.01,1.09) 
4 0.96 (0.92,0.99) 0.96 (0.92,0.99) 1.00 (0.96,1.04) 1.02 (0.97,1.06) 
Most Deprived 0.85 (0.82,0.89) 0.86 (0.82,0.89) 0.93 (0.89,0.97) 0.94 (0.90,0.99) 
P Linear trend P<0.001 P<0.001 P=0.001 
P Non-linear trend P<0.001 P<0.001 P<0.001 
Ethnicity: 
White 1.00 1.00 1.00 1.00 
Asian 0.94 (0.90,0.98) 0.98 (0.94,1.02) 1.00 (0.96,1.04) 1.02 (0.97,1.06) 
Black 0.95 (0.88,1.02) 0.98 (0.91,1.05) 0.98 (0.91,1.05) 0.98 (0.91,1.05) 
Other 1.00 (0.95,1.07) 1.00 (0.94,1.06) 1.00 (0.94,1.06) 1.00 (0.94,1.06) 
Mixed 0.84 (0.82,0.87) 0.91(0.88,0.95) 0.96 (0.93,1.00) 0.98 (0.95,1.02) 
Rurality: 
Urban >10k 1.00 1.00 1.00 1.00 
Town & Fringe 1.20 (1.16,1.24) 1.13 (1.08,1.17) 1.08 (1.04,1.13) 1.07 (1.02,1.11) 
Village/Isolated 1.19 (1.15,1.23) 1.12 (1.08,1.17) 1.07 (1.02,1.12) 1.05 (1.01,1.10) 
P Linear trend P<0.001 P<0.001 P<0.001 
P Non-linear trend P<0.001 P=0.002 P-0.02 
Hospital trust characteristics: 
Annual hospital trust volume 
1(1-234) 1.00 - 1.00 1.00 
2(238-308) 1.22 (1.18,1.27) - 1.14 (1.09,1.19) 1.11(1.05,1.17) 
3(310-389) 1.22 (1.18,1.27) - 1.13 (1.09,1.18) 1.08 (1.03,1.14) 
4(396-564) 1.17 (1.13,1.22) - 1.10 (1.06,1.15) 1.06 (1.00,1.11) 
5 (570 - 1076) 1.33 (1.28,1.38) - 1.15 (1.10,1.21) 1.11(1.05,1.18) 
P Linear trend P<0.001 - P<0.001 
P Non-linear trend P<0.001 - P<0.001 
Orthopaedic Training centre status 
No 1.00 - 1.00 - 
Yes 0.95 (0.92,0.98) - 0.95 (0.92,0.99) - 
Rate of All Consultants per 100,000 
1 (4.18 - 29.95) 1.00 - 1.00 1.00 
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2 (30.15 - 34.27) 0.91 (0.88,0.94) - 0.86 (0.82,0.90) 0.90 (0.85,0.95) 
3 (34.35 - 38.09) 0.94 (0.90,0.97) - 0.86 (0.82,0.91) 0.92 (0.87,0.98) 
4 (38.98 - 46.07) 0.88 (0.85,0.92) - 0.80 (0.75,0.84) 0.87 (0.81,0.92) 
5 (46.15 - 550.18) 0.76 (0.74,0.79) - 0.72 (0.67,0.77) 0.79 (0.73,0.85) 
P Linear trend P<0.001 - P<0.001 
P Non-linear trend P<0.001 - P<0.001 
Rate of T&O Consultants per 100,000 
1(1.35 - 2.05) 1.00 - 1.00 1.00 
2 (2.06 - 2.41) 0.94 (0.90,0.98) - 0.99 (0.95,1.03) 1.02 (0.97,1.07) 
3 (2.41 - 2.75) 1.00 (0.97,1.04) - 1.04 (1.00,1.09) 1.08 (1.02,1.14) 
4 (2.76 - 3.11) 0.96 (0.92,1.00) - 1.01 (0.97,1.05) 1.01 (0.95,1.06) 
5 (3.11 - 13.72) 0.98 (0.94,1.02) - 1.08 (1.03,1.13) 1.06 (1.00,1.12) 
P Linear trend P=0.61 - P=0.002 
P Non-linear trend P=0.001 - P=0.018 
Rate of Anaesthetic Consultants per 100,000 
1 (1.05 - 4.85) 1.00 - 1.00 - 
2 (4.87- 5.98) 0.98 (0.94,1.02) - 0.99 (0.95,1.03) - 
3 (5.99 - 6.8) 0.98 (0.94,1.02) - 1.07 (1.02,1.13) - 
4 (6.83 - 8.3) 0.94 (0.91,0.98) - 1.04 (0.98,1.09) - 
5 (8.37- 92.32) 0.86 (0.83,0.89) - 1.05 (0.98,1.12) - 
P Linear trend P<0.001 - P=0.084 - 
P Non-linear trend P=0.001 - P=0.014 - 
Rate of Operating Theatres per 100,000 
1(0.00 - 3.62) 1.00 - 1.00 1.00 
2 (3.63 - 4.46) 0.94 (0.91,0.98) - 1.04 (1.00,1.09) 1.04 (0.99,1.10) 
3 (4.50 - 5.03) 0.97 (0.93,1.01) - 1.06 (1.01,1.11) 1.06 (0.99,1.12) 
4 (5.07- 5.97) 0.96 (0.92,1.00) - 1.11 (1.05,1.17) 1.10 (1.03,1.18) 
5 (6.08 - 42.42) 0.86 (0.82,0.89) - 1.09 (1.03,1.16) 1.11 (1.03,1.20) 
P Linear trend P<0.001 - P<0.001 * 
P Non-linear trend P<0.001 P=0.34 
Rate of Dedicated Day Case Theatres per 100,000 
1 (0.00 - 0.40) 1.00 - - - 
2 (0.41 - 0.68) 0.92 (0.89,0.96) - - - 
3 (0.69 - 1.04) 0.96 (0.92,0.99) - - - 
4 (1.04 - 1.36) 0.95 (0.91,0.98) - - - 
5 (1.36 - 4.27) 0.90 (0.87,0.94) - - - 
P Linear trend P<0.001 - - - 
P Non-linear trend P=0.001 - - - 
Bed Occupancy rate (% occupied) 
1 (71.12 - 79.46) 1.00 - - - 
2 (79.59 - 83.52) 0.99 (0.95,1.03) - - - 
3 (83.54 - 86.28) 0.94 (0.90,0.98) - - - 
4 (86.32 - 89.06) 0.96 (0.92,0.99) - - - 
5 (89.08 - 97.20) 0.90 (0.87,0.94) - - - 
P Linear trend P<0.001 - - - 
P Non-linear trend P=0.10 - - - 
Measures of distance to hospital: 
Straightline distance (miles) 
1 (0.03 - 2.15) 1.00 - - - 
2 (2.15 - 4.12) 1.02 (0.99,1.06) - - - 
3 (4.12 - 6.78) 1.12 (1.08,1.17) - - - 
4 (6.78 -11.34) 1.20 (1.16,1.25) - - - 
5 (11.34 - 59.45) 1.30 (1.25,1.35) - - - 
P Linear trend P<0.001 - - - 
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P Non-linear trend P=0.07 --- 
Distance along road network (miles) 
1 (0.31 - 3.25) 1.00 --- 
2 (3.26 - 5.58) 1.02 (0.98,1.05) --- 
--- 3 (5.59 - 8.90) 1.11 (1.07,1.15) 
--- 4(8.91-14.07) 1.19 (1.15,1.24) 
5 (14.09 - 60.12) 1.29 (1.24,1.34) --- 
P Linear trend P<0.001 --- 
P Non-linear trend P=0.04 --- 
Road travel times (minutes) 
1(1.79 - 12.85) 1.00 - 1.00 1.00 
2 (12.86 - 20.07) 1.05 (1.01,1.09) - 1.01 (0.98,1.05) 1.03 (0.99,1.06) 
3 (20.08 - 30.10) 1.11 (1.07,1.15) - 1.03 (0.99,1.07) 1.04 (1.00,1.09) 
4 (30.11 - 45.89) 1.23 (1.19,1.28) - 1.09 (1.05,1.14) 1.10 (1.05,1.15) 
5 (45.91 - 225.76) 1.29 (1.24,1.34) - 1.08 (1.03,1.14) 1.11 (1.05,1.17) 
P Linear trend P<0.001 -P<0.001 
P Non-linear trend P=0.25 -P=0.22 
- Variable excluded from the multivariable model 
(1) Random-Effects Negative-Binomial regression model using Stata, allowing for clustering 
across CASwards, adjusted for socio demographic variables only 
(2) Random-Effects Negative-Binomial regression model using Stata, allowing for clustering 
across CASwards, adjusted for socio-demographic, hospital trust, and distance variables 
(3) Hierarchical Poisson regression model fitted in MLwiN allowing for clustering across 
CASwards and Districts, adjusted for socio-demographic, hospital trust, and distance variables 
* Tests for Linear and Non-linear trend not performed in MLwiN. 
Provision was lower in hospital trusts performing the lowest annual volume of 
hip replacement operations (Table 7.4; Model 2). Hospital trusts with 
Orthopaedic Training Centre status had lower provision rates than hospitals that 
were not training centres. Hospitals with higher numbers of consultants had 
lower THR provision rates. There was some evidence that having higher 
numbers of T&O consultants, and Anaesthetic consultants increased rates of 
provision. Having a higher number of operating theatres was associated with 
higher THR rates. The number of dedicated day case theatres and bed 
occupancy rates was not associated with provision of THR. Living in wards with 
high road travel times to get to a hospital performing THR was associated with 
increased levels of provision. 
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Table 7.5. Rates of admission for primary knee replacement operations in the 
2002 HES financial year, by socio-demographic, hospital trust and distance 
variables. 
Crude rates Adjusted (1) Adjusted (2) Adjusted (3) 
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Urban >10k 1.00 
Town & Fringe 1.02 (0.98,1.05) 
Village/Isolated 0.96 (0.93,1.00) 
P Linear trend P=0.15 














Hospital trust characteristics: 
Annual hospital trust volume 
1(30-204) 1.00 - 1.00 1.00 
2(205-263) 1.15 (1.11,1.20) - 1.08 (1.04,1.13) 1.07 (1.01,1.13) 
3(264-345) 1.10 (1.06,1.15) - 1.10 (1.06,1.15) 1.06 (1.01,1.11) 
4(352-495) 1.19 (1.15,1.23) - 1.16 (1.11,1.21) 1.14 (1.08,1.20) 
5(503-803) 1.21 (1.17,1.26) - 1.16 (1.11,1.22) 1.09 (1.03,1.16) 
P Linear trend P<0.001 - P<0.001 * 
P Non-linear trend P<0.001 - P=0.1 
Orthopaedic Training centre status 
No 1.00 - 1.00 1.00 
Yes 0.95 (0.92,0.97) - 0.93 (0.89,0.96) 0.90 (0.86,0.95) 
Rate of All Consultants per 100,000 
1 (4.36 - 30.02) 1.00 - 1.00 1.00 
2 (30.43 - 35.35) 1.02 (0.98,1.06) - 0.98 (0.93,1.04) 0.99 (0.94,1.04) 
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3 (35.77 - 38.79) 0.96 (0.92,0.99) - 0.90 (0.84,0.96) 0.93 (0.88,0.98) 
4 (39.04 - 47.48) 0.92 (0.88,0.95) - 0.86 (0.81,0.93) 0.88 (0.84,0.93) 
5 (47.50 - 447.69) 0.90 (0.87,0.93) - 0.91 (0.84,0.99) 0.91(0.86,0.97) 
P Linear trend P<0.001 - P<0.001 
P Non-linear trend P=0.029 - P<0.001 
Rate of T&O Consultan ts per 100,000 
1 (1.31- 2.12) 1.00 - 1.00 1.00 
2 (2.14 - 2.49) 0.95 (0.91,0.98) - 0.92 (0.89,0.96) 0.94 (0.90,0.99) 
3 (2.50 - 2.73) 0.98 (0.94,1.01) - 0.99 (0.95,1.03) 1.04 (0.98,1.09) 
4 (2.76 - 3.09) 0.96 (0.92,0.99) - 0.96 (0.92,1.00) 1.00 (0.94,1.06) 
5 (3.09 -11.17) 1.03 (0.99,1.07) - 1.05 (1.01,1.10) 1.05 (0.99,1.11) 
P Linear trend P=0.13 - P=0.03 
P Non-linear trend p<0.001 - P<0.001 
Rate of Anaesthetic Consultants per 100,000 
1 (1.00 - 4.99) 1.00 - 1.00 - 
2 (5.01 - 6.03) 1.00 (0.96,1.04) - 1.01 (0.95,1.07) - 
3 (6.06 - 6.99) 1.04 (1.00,1.07) - 1.07 (1.01,1.14) - 
4 (7.00 - 8.62) 0.98 (0.94,1.02) - 1.05 (0.98,1.13) - 
5 (8.69 - 75.12) 0.89 (0.85,0.92) - 0.94 (0.87,1.01) - 
P Linear trend P<0.001 - P=0.33 - 
P Non-linear trend P<0.001 - P<0.001 - 
Rate of Operating Thea tres per 100,000 
1 (0.00 - 3.58) 1.00 - - - 
2 (3.67 - 4.44) 0.97 (0.93,1.00) - - - 
3 (4.45 - 5.13) 0.97 (0.93,1.00) - - - 
4 (5.13 - 6.11) 0.90 (0.87,0.94) - - - 
5 (6.17- 34.52) 0.91(0.88,0.95) - - - 
P Linear trend p<0.001 - - - 
P Non-linear trend P=0.096 - - - 
Rate of Dedicated Day Case Theatres per 100,000 
1 (0.00 - 0.42) 1.00 - 1.00 1.00 
2 (0.42- 0.67) 0.94 (0.90,0.97) - 0.96 (0.92,1.00) 1.01 (0.95,1.07) 
3 (0.68 -1.02) 1.03 (0.99,1.07) - 1.00 (0.96,1.05) 1.03 (0.97,1.09) 
4 (1.03 - 1.40) 0.91(0.88,0.95) - 0.94 (0.90,0.98) 0.98 (0.92,1.03) 
5 (1.40 - 3.84) 1.01 (0.97,1.05) - 1.07 (1.02,1.12) 1.11 (1.04,1.18) 
P Linear trend P=0.97 - P=0.049 * 
P Non-linear trend P<0.001 - P<0.001 * 
Bed Occupancy rate (% occupied) 
1 (71.12 - 79.46) 1.00 - 1.00 1.00 
2 (79.59 - 83.54) 1.03 (0.99,1.07) - 1.04 (1.00,1.09) 1.04 (0.98,1.10) 
3 (83.59 - 86.28) 0.94 (0.91,0.98) - 1.01 (0.97,1.05) 1.02 (0.96,1.08) 
4 (86.32 - 89.04) 0.96 (0.93,1.00) - 1.00 (0.96,1.05) 0.99 (0.94,1.05) 
5 (89.06 - 97.20) 0.96 (0.92,1.00) - 1.04 (1.00,1.09) 1.06 (1.00,1.12) 
P Linear trend P<0.001 - P=0.43 
P Non-linear trend P<0.001 - P=0.054 
Measures of distance to hospital: 
Straightline distance (miles) 
1 (0.03 - 2.15) 1.00 - - - 
2 (2.15 - 4.15) 1.01 (0.98,1.04) - - - 
3 (4.15 - 6.88) 1.04 (1.00,1.07) - - - 
4 (6.88 -11.34) 1.05 (1.01,1.09) - - - 
5 (11.34 - 59.45) 1.06 (1.02,1.10) - - - 
P Linear trend P<0.001 - - - 
P Non-linear trend p=0.89 
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Distance along road network (miles) 
1 (0.31 - 3.26) 1.00 - 
2 (3.27 - 5.62) 0.99 (0.95,1.02) - -- 
3 (5.63 - 8.96) 1.03 (0.99,1.06) - -- 
4 (8.97 -14.07) 1.05 (1.01,1.09) - -- 
5 (14.09 - 62.48) 1.04 (1.00,1.08) - -- 
P Linear trend p=0.001 - -- 
P Non-linear trend P=0.28 --- 
Road travel times (minutes) 
1 (1.79 - 12.89) 1.00 - 1.00 - 
2 (12.90 - 20.14) 1.03 (0.99,1.06) - 1.00 (0.97,1.04) - 
3 (20.15 - 30.11) 1.05 (1.01,1.08) - 1.02 (0.98,1.06) - 
4 (30.13 -45.89) 1.06 (1.02,1.10) - 1.02 (0.98,1.06) - 
5 (45.91 - 228.29) 1.02 (0.98,1.06) - 0.94 (0.90,0.99) - 
P Linear trend P=0.047 -P=0.21 - 
P Non-linear trend P=0.07 -P=0.005 - 
- Variable excluded from the multivariable model 
(1) Random-Effects Negative-Binomial regression model using Stata, allowing for clustering 
across CASwards, adjusted for socio demographic variables only 
(2) Random-Effects Negative-Binomial regression model using Stata, allowing for clustering 
across CASwards, adjusted for socio-demographic, hospital trust, and distance variables 
(3) Hierarchical Poisson regression model fitted in MLwiN allowing for clustering across 
CASwards and Districts, adjusted for socio-demographic, hospital trust, and distance variables 
* Tests for Linear and Non-linear trend not performed in MLwiN. 
For primary knee replacement, as there was no strong evidence of an ethnicity 
effect (Table 7.5; Crude Model) this was instead simplified to people living in 
White or Non-White areas. The effects of age, sex, ethnicity and rurality remain 
unchanged after adjusting for hospital trust and distance variables (Table 7.5; 
Model 2). However, the effect of the most deprived deprivation quintile has 
been attenuated. Now people living in deprivation quintiles 2,3 &4 receive 
greater provision of TKR than those in the least and most deprived areas. 
Hospitals performing the lowest annual volume of knee replacement operations, 
orthopaedic training centres and high numbers of consultants are associated with 
lower rates of provision of TKR. There is some evidence that having a high 
number of T&O consultants and Dedicated day case theatres increases levels of 
provision. The picture for anaesthetic consultants and bed occupancy appears 
mixed, although there is a suggestion high bed occupancy increases provision, 
and a high number of anaesthetic consultants reduces provision levels. Unlike 
for hip replacement, having further to travel to receive a TKR is associated with 
lower levels of provision. 
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7.2.2. Multilevel modelling analysis using MLwiN 
As discussed in chapter 6, there are limitations to the random-effects Poisson 
regression models fitted in Stata, hence a Multilevel Poisson regression model 
has been fitted in MLwiN, of individuals in age-sex group i, in CASward j, in 
district k. The variables included in the multivariable model in MLwiN are the 
same as those fitted in Stata. 
Random intercepts models 
For hip replacement, allowing for clustering across districts has further 
attenuated the effects of deprivation, ethnicity and rurality (Table 7.4; Model 3). 
There is now weaker evidence people living in the most deprived areas receive 
less provision than the least deprived, and people living in rural areas receive 
greater provision. There is no longer evidence of an ethnic effect, and only weak 
evidence orthopaedic training centre status reduces provision rates, so this 
variable is removed from the model. The number of anaesthetic consultants a 
hospital has is no longer associated with rates of THR provision and has also 
been dropped from the model. 
The Intra-Class Correlation for the Multivariable MLwiN hip model was 0.0135. 
This means that 98.7% of the variance in primary hip replacement rates is at the 
individual level. Of the higher level variation, 51 % is at the district level as 
opposed to the ward level. In figure 7.3 is a plot of the residual variation at the 
district level. There are a number of districts at the upper and lower end of the 
plot whose confidence intervals do not cover zero. These residuals represent 
districts that depart from the overall average predicted by the fixed parameter 
, ßo, the intercept. This suggests good evidence provision of primary THR varies 
across districts in England. 
The ward (level 2) and district (level 3) residuals are assumed to be normally 
distributed. Normal probability plots in figure 7.4 plot the ranked residuals 
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against corresponding points on a normal distribution curve. Both level 2 and 3 
residuals appear normally distributed. 
Figure 7.3. Caterpillar plot of district level residual variation in rates of primary 
hip replacement 
Figure 7.4. Normal probability plots for level 2 and 3 residuals for primary THR 
Level 2 (CASward) 
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For knee replacement, the deprivation effect has changed (Table 7.5; Model 3). 
There is now good evidence those in the least deprived areas receive lower rates 
of knee replacement. There is no evidence the number of anaesthetic consultants 
in a hospital effects knee provision, so this has been removed from the model. 
The effect of travel time is also attenuated, and there is little evidence the length 
of time it takes to get to hospital is associated with provision of knee 
replacement, hence this variable is also dropped. 
For knee replacement, 98.6% of the variance in operation rates is at the individual 
level (ICC = 0.014). Of the higher level variation, about 66.6% is at the district 
level, as opposed to the ward level. There is 2.00 times as much variability 
between districts, as there is between wards within districts. Figure 7.5 shows 
there is good evidence of geographical variation in rates of primary knee 
replacements across districts. 
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Figure 7.5. Caterpillar plot of district level residual variation in rates of primary 
Inon rPnlarPmPnf 
Figure 7.6. Normal probability plots for level 2 and 3 residuals for primary TKR 
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Random slopes models 
Whilst we have demonstrated that overall rates of hip and knee replacement 
varies across districts, we can extend the MLwiN analysis to explore whether the 
effect of each variable is the same in each district. This is done by allowing the 
effect of a variable, such as age, to vary across districts. We then test to see 
whether the model including the extra random effect is a better fit to the data 
than the model without. 
For hip replacement, there was some evidence that the effect of age groups 75-79 
(P = 0.02), 80-84 (P = 0.01) and 85+ (P = 0.08), gender (P = 0.03) and road travel 
time quintiles 4 (P = 0.003) and high (P = 0.012) varied across districts. For knee 
replacement the effects of gender (P < 0.001) and IMD quintiles 4 (P = 0.025) & 
Most deprived (P = 0.01) varied across districts. 
Y 
4. y 
7.2.3. District level predictions using WinBUGS 
From the Multilevel models fitted in MLwiN we have demonstrated that overall 
rates of provision of both primary hip and knee replacement vary geographically 
across districts. In addition to this, for hip replacement the effects of age, gender 
and travel time vary across districts; whilst for knee replacement the effects of 
gender and deprivation vary by district. We therefore wish to produce estimates 
of rates of provision, for both hip and knee replacement, in each of the 354 
districts in England. 
First, we produce rates of provision in each district, adjusted for socio- 
demographic variables, hospital trust characteristics, and distance measures. To 
4.. v 
be able to do this we have used the statistical software WinBUGS, as it is not 
possible to generate the required predictions in MLwiN (chapter 6). The maps 
below display rates of provision of primary hip (figure 7.7) and knee (figure 7.8) 
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Alongside each map of rates, is a map of the length of the standard error, to 
display the level of precision around the estimates. 
We then explore how the effects of age, sex, and travel times vary across districts 
for hip replacement, and sex and deprivation vary for knee replacement. For 
example, to explore how the association between rates of hip replacement and 
age varies across districts, we will fit a random-slopes Poisson regression model 
in WinBUGS, where the effect of age is allowed to vary across districts. A district 
level residual is then produced for each age group. So for example, in the full 
model (Table 7.4, Model 3), those in age group 75-79 receive 6.69 times as many 
hip operations than those aged 50-54. However this effect was found to vary 
across districts, and in the WinBUGS model, the district residual for age tells us 
whether this effect is attenuated for each district. 
Separate models are fitted in WinBUGS fitting random slopes to the effects of 
age, sex, and travel times for hip replacement, and sex and deprivation for knee 
replacement. In tables 7.6 and 7.7 are the top 10 highest and lowest RR in each 
district, to demonstrate the extent of the district level variation for each variable. 
For hip replacement, although the effect of age groups 75-79,80-84, & 85+ varies 
across districts, there is only a small difference in effect size. For example those 
aged 85+ in Tendring receive 2.61 times as much hip replacement as those aged 
50-54, whereas in North Hertfordshire the rate ratio is 3.51. The effect of gender 
varies across districts. The strongest effect is in Camden [adjusted RR 0.69 (0.57, 
0.81)], where men receive 31 % less provision than women, whilst at the other 
extreme in South Derbyshire there is weaker evidence of an effect [adjusted RR 
0.84 (0.72,1.02)]. For road travel times, in Restormel there is no evidence living 
in the furthest travel time quintile is associated with receipt of hip replacement 
[adjusted RR 1.06 (0.88,1.20)]. Whilst in North Devon living in the furthest 
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distance quintile increases provision of hip replacement [adjusted RR 1.16 (1.02, 
1.41)]. 
For knee replacement, the effect of gender varied across districts, as observed for 
hip replacement. The strongest effect was in Lambeth [adjusted RR 0.72 (0.57, 
0.91], whilst the weakest effect was in Wansbeck [adjusted RR 1.20 (0.93,1.57)]. 
The effect of deprivation on provision of knee replacement varies across districts. 
In Stoke-on-Trent there is no evidence people in the most deprived areas receive 
greater provision than those in the least deprived areas [adjusted RR 0.99 (0.82, 
1.12)], whereas in the City of Bristol there is weak evidence of such an effect 
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7.3. Summary of main findings 
7.3.1. Primary hip replacement 
Socio-demographics: 
- Rates of hip replacement increase up to age-group 75-79, before falling 
substantially in those aged 85+. 
- Men receive 0.77 times (23%) less provision of hip replacement than women 
do. 
- Those living in the most deprived areas receive less provision than those in 
the least deprived areas. However the relationship does not appear to be 
linear with rates falling slightly in the least deprived areas. 
- Crude analysis found people living in Black, Asian, and Mixed ethnic areas 
receive lower rates of provision, compared to people living in White areas. In 
multivariable models the effect was attenuated such that there was only 
evidence of this for people living in areas of mixed ethnicity. 
- Those living in rural areas receive greater provision of hip replacement. 
Hospital trust characteristics 
- Provision was lower in hospital trusts performing the lowest annual volume 
of hip replacement operations. 
- Hospital trusts with Orthopaedic Training Centre status had lower provision 
rates than hospitals that were not training centres. 
- Hospitals with higher numbers of consultants had lower provision rates. 
- There was some evidence that having higher numbers of T&O and 
Anaesthetic consultants increased rates of provision. 
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- Having a higher number of operating theatres was associated with higher 
provision rates. 
- The number of dedicated day case theatres and bed occupancy rates was not 
associated with provision. 
- Living in wards with high road travel times to get to a hospital performing 
hip replacement was associated with increased levels of provision. 
In the multivariable model, adjustment for hospital trust and distance variables 
attenuated the effects of deprivation, ethnicity and rurality. There was weaker 
evidence that people living in the most deprived areas receive lower rates of hip 
replacement than those in the least deprived areas. Evidence that people living 
in areas of mixed ethnicity receive less provision than those in White areas is also 
weaker. There is still evidence of a rurality effect with people living in rural 
areas receiving greater provision than those in urban areas, but the effect is 
smaller. 
Geographical variation 
The overall rate of primary hip replacement was found to vary across districts, 
even after adjustment for socio-demographic characteristics and hospital trust 
variables. 98.7% of the variance is at the individual level, so almost all of the 
district level variation is due to individual characteristics. 
The effects of gender and road travel times on rates of provision of hip 
replacement varied across the 354 districts in England: 
- For gender, the strongest effect was in the district of Camden, where men 
receive less provision than women [adjusted RR 0.69 (0.57,0.81)]. The 
weakest gender effect was in South Derbyshire [adjusted RR 0.84 (0.72,1.02)]. 
- For distance, in Restormel where there was no evidence living in the furthest 
travel time quintile, compared to the nearest, is associated with receipt of hip 
replacement [adjusted RR 1.06 (0.88,1.20)], whilst in North Devon living in 
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the furthest distance quintile increases provision of hip replacement [adjusted 
RR 1.16 (1.02,1.41)]. 
7.3.2. Primary knee replacement 
Socio-demographics: 
- Provision of primary knee replacement increases up to age 75-79, before 
declining in the older age groups. 
- Women receive greater provision than men. 
- There is evidence those in the least deprived areas receive lower rates of knee 
replacement. 
- In univariable analysis there was evidence that people living in areas of 
Mixed ethnicity received lower provision than those living in White areas 
(with weak evidence of lower provision in Black and Asian areas). However 
in multivariable models this effect was attenuated. 
- In multivariable analysis there was no evidence rurality was associated with 
rates of provision of primary knee replacement. 
Hospital trust characteristics 
- In multivariable models, hospitals performing the lowest annual volume of 
knee replacement operations, orthopaedic training centres and high numbers 
of consultants are associated with lower rates of provision of TKR. 
- There is some evidence that having a high number of T&O consultants and 
dedicated day case theatres increases levels of provision. 
- There is a suggestion 
high bed occupancy increases provision. 
- There is no evidence the number of anaesthetic consultants in a 
hospital 
effects knee provision and there is little evidence the length of time it takes to 
get to hospital is associated with provision of knee replacement. 
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The effects of socio-demographic characteristics remained unchanged after 
adjusting for hospital trust and distance variables. 
Geographical variation 
The overall rate of provision of primary knee replacement varied across districts. 
This geographical variation could not be explained by adjusting for socio- 
demographic variables and hospital trust characteristics. 98.6% of the variance in 
knee operation rates is at the individual level. 
The effects of gender and deprivation were found to vary across districts: 
- For gender, the strongest effect was in Lambeth [adjusted RR 0.72 (0.57,0.91], 
whilst no evidence of an association was found in Wansbeck [adjusted RR 
1.20 (0.93,1.57)]. 
- In Stoke-on-Trent there was no evidence people in the most deprived areas 
received greater provision than those in the least deprived areas [adjusted RR 
0.99 (0.82,1.12)], whereas in the City of Bristol there was evidence of such an 
effect [adjusted RR 1.11 (0.99,1.32)]. 
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CHAPTER 8. INEQUALITIES IN THE NEED FOR 
PRIMARY JOINT REPLACEMENT OF THE HIP 
AND KNEE IN ENGLAND: ANALYSIS OF THE 
SOMERSET AND AVON SURVEY OF HEALTH 
(SASH) 
The aim of this chapter is to use the SASH dataset to examine inequalities in the 
need for hip and knee replacement in the general population. The modelling 
strategy is described in chapter 5. 
8.1. Descriptive statistics of SASH participants 
Participants in the study are aged 35 years and older, with greater proportions of 
people in the younger age groups (Table 8.1). There are slightly more females 
(53.6%) than males. The sample tends to consist of people of higher social class 
the majority of whom class their ethnicity as White. The ecological data suggests 
that people live in the better off (less deprived areas). The area level variable of 
ethnicity suggests that although the sample consists of predominantly white 
people they tend to live in areas of mixed ethnicity. However the ecological 
ethnicity variable is based on data from the 2001 census, whereas the SASH 
study was conducted in 1994/95. Such that the ethnic mix of the areas may 
have 
changed over time and may not reflect the ethnic mix of the areas when the 
study was originally conducted. 
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Table 8.1. Characteristics of the 26046 SASH study participants 
Number (%) Number (%) 
Individual level data: Ecological level data: 
Age group: IMD2004 Deprivation: 
35-39 3565 (13.7) Least Deprived 7092(27.2) 
40-44 3422 (13.1) 
45-49 3306 (12.7) 
50-54 2723 (10.5) 
55-59 2687 (10.3) 
60-64 2468 (9.5) 
65-69 2306 (8.9) 
70-74 2271(8.7) 
75-79 1530 (5.9) 
80-84 1134 (4.4) 
85+ 634 (2.4) 
Sex: 
Female 13968 (53.6) 
Male 12078 (46.4) 
Social class: 
I- Professional 1266 (4.9) 
II - Managerial & Technical 6544 (25.1) 
III N- Skilled - non-manual 4099 (15.7) 
III M- Skilled - manual 5066 (19.5) 
IV - Partly skilled 3111(11.9) 
V- Unskilled 1034 (4.0) 
Missing 4926 (18.9) 
Ethnicity: 
White 22032 (84.6) 
Black Caribbean 57 (0.2) 
Black African 2 (0.0) 
Black other 5 (0.0) 
Chinese 25 (0.1) 
Pakistani 9 (0.0) 
Bangladeshi 4 (0.0) 
Indian 50 (0.2) 
Other 120 (0.5) 
Missing 3742(14.4) 
2 7689 (29.5) 
3 2628 (10.1) 
4 3776 (14.5) 
Most Deprived 4849 (18.6) 
Missing 12 (0.1) 
Townsend Deprivation: 
Least Deprived 9853 (37.8) 
2 6144 (23.6) 
3 2773 (10.7) 
4 3937 (15.1) 
Most Deprived 3327 (12.8) 
Missing 12 (0.1) 
Rurality: 
Urban >10k 20039 (76.9) 
Town & Fringe 2457 (9.4) 
Village/Isolated 3538 (13.6) 
Missing 12 (0.1) 
Ethnicity: 
White 3601(13.8) 
Asian 5024 (19.3) 
Black 1902 (7.3) 
Other 1455 (5.6) 
Mixed 14052 (54.0) 
Missing 12 (0.1) 
Total: 26046 (100.0) 
8.2. Estimating prevalence rates of need for joint replacement 
As described in chapter 5, a Poisson regression analysis will be used to examine 
the association between rates of need for TJR, and each of the socio-demographic 
variables of age, sex, deprivation, rurality and ethnic mix of the area. The 
strategy of analysis for fitting Poisson regression models is summarised in Figure 
6.7, chapter 6. A random-effects Poisson regression model is fitted in Stata, that 
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allows for clustering across CASwards. The resulting p-values of 1.00, for 
separate models of hip and knee replacement, suggest there is no evidence of 
overdispersion, and that a fixed effects model is therefore appropriate. As there 
are only 6 districts in the SASH study, to test for clustering across districts, we 
can fit separate indicator terms for each district to the fixed effects regression 
model. Fitting district terms for models of both hip and knee replacement 
demonstrated no evidence rates varied across districts. 
8.2.1. Analysis of need for primary hip replacement 
Table 8.2. Rates of need for primary hip replacement, by socio-demographic 
groups 
Number in 
Total number of need of 
subjects with hip THR Crude rate ratio Adjusted rate ratio 
pain (% of total) (95%CI) (95%CI) 
Age groups: 
50-59 1974 31(1.6%) 1.00 1.00 
60-69 2156 40 (1.9%) 1.18 (0.74,1.89) 1.18 (0.74,1.88) 
70-79 1695 34 (2.0%) 1.28 (0.79,2.08) 1.25 (0.77,2.04) 
80-84 475 16(3.4%) 2.14 (1.17,3.92) 2.02 (1.10,3.70) 
85+ 166 4 (2.4%) 1.53 (0.54,4.35) 1.35 (0.47,3.82) 
P Linear trend P=0.032 P=0.059 
P Non-linear trend P=0.72 P=0.72 
Sex: 
Female 3,431 85 (2.5%) 1.00 1.00 
Male 3,034 40 (1.3%) 0.53 (0.37,0.77) 0.54 (0.37,0.79) 
IMD2004: 
Least deprived 1,884 39 (2.1%) 1.00 1.00 
2 1,951 32 (1.6%) 0.79 (0.50,1.26) 0.79 (0.49,1.27) 
3 706 13(1.8%) 0.89 (0.47,1.67) 0.85 (0.44,1.66) 
4 970 17 (1.8%) 0.85 (0.48,1.50) 0.84 (0.45,1.56) 
Most Deprived 955 24 (2.5%) 1.21(0.73,2.02) 1.24 (0.71,2.18) 
P Linear trend P=0.53 P=0.51 
P Non-linear trend P=0.49 P=0.44 
Rurality: 
Urban >10k 4,958 97 (2.0%) 1.00 1.00 
Town & Fringe 640 13 (2.0%) 1.04 (0.58,1.85) 1.03 (0.55,1.95) 
Village/ Isolated 868 15 (1.70) 0.88 (0.51,1.52) 0.91 (0.50,1.64) 
P Linear trend P=0.71 P=0.78 
P Non-linear trend P=0.75 P=0.80 
Ethnic mix of area: 
White 937 18 (1.9%) 1.00 1.00 
Non-white 5,528 107 (1.9%) 1.01 (0.61,1.66) 0.95 (0.56,1.61) 
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For hip replacement, the results show that need for hip replacement increases 
with age up to age 80-84, with good evidence that those aged 80-84 have greater 
need than those aged 50-59 (Table 8.2). However for those aged 85+ there is no 
evidence need is greater than in those aged 50-59. There was good evidence that 
Men had 0.54 times (46 % less) need than women. No associations with need 
were observed for deprivation, rurality or the ethnic mix of the area. Although 
those living in the most deprived areas had 1.24 times the need of those in the 
least deprived areas, there is no evidence the rate of need is elevated, as 
demonstrated by the 95% confidence interval. Tests for interaction revealed no 
evidence of effect modification. 
8.2.2. Analysis of need for primary knee replacement 
Table 8.3. Rates of need for primary knee replacement, by socio-demographic 
groups 
Number in 
Total number of need of 
subjects with hip TKR Crude rate ratio Adjusted rate ratio 
pain (% of total) (95%CI) (95%CI) 
Age groups: 
50-59 1615 32(2.0%) 1.00 1.00 
60-69 2335 78 (3.3%) 1.69 (1.12,2.54) 1.73 (1.14,2.60) 
70-79 2051 86 (4.2%) 2.12 (1.41,3.18) 2.15 (1.43,3.22) 
80-84 442 35 (7.9%) 4.00 (2.48,6.46) 3.77 (2.33,6.09) 
85+ 232 19 (8.2%) 4.13 (2.34,7.28) 3.72 (2.10,6.57) 
P Linear trend P<0.001 P<0.001 
P Non-linear trend P=0.57 P-0.61 
Sex: 
Female 3,549 174 (4.9%) 1.00 1.00 
Male 3,125 76 (2.4%) 0.50 (0.38,0.65) 0.52 (0.39,0.68) 
IMD2004: 
Least deprived 1,963 61(3.1%) 1.00 1.00 
2 2,029 78 (3.8%) 1.24 (0.89,1.73) 1.21 (0.86,1.71) 
3 753 26 (3.5%) 1.11 (0.70,1.76) 1.04 (0.64,1.70) 
4 954 41(4.3%) 1.38 (0.93,2.05) 1.44 (0.93,2.22) 
Most Deprived 975 44 (4.5%) 1.45 (0.99,2.14) 1.59 (1.04,2.44) 
P Linear trend P=0.053 P=0.032 
P Non-linear trend P=0.80 P=0.71 
Rurality: 
Urban >10k 5,158 200 (3.9%) 1.00 1.00 
Town & Fringe 611 22 (3.6%) 0.93 (0.60,1.44) 0.96 (0.60,1.56) 
Village/Isolated 906 28 (3.1%) 0.80 (0.54,1.18) 0.88 (0.57,1.35) 
P Linear trend P=0.26 P=0.57 
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P Non-linear trend P=0.87 .P=0.91 
Ethnic mix of area: 
White 972 44 (4.5%) 1.00 1.00 
Non-white 5,702 206 (3.6%) 0.80 (0.58,1.11) 0.72 (0.51,1.02) 
There is good evidence that need for primary knee replacement increases with 
age, with need being greatest in those aged 85+ (Table 8.3). Women had greater 
need than men. There is evidence that those living in the most deprived areas 
have 1.59 times the need of those in the least deprived areas. Weak evidence was 
also observed, that those living in Non-White areas had less need for TKR than 
those living in White areas. Tests for effect modification found evidence of the 
following interactions (Figure 8.1): 
Age and sex: [Interaction P=0.035] 
- Evidence of an age effect was observed for both males and females, with need 
for TKR increasing with age. However the age effect was far stronger in 
females. 
- The effect of gender varied by age. In those aged 70-84, women had greater 
need than men. However there was no evidence of a gender effect in the 
other age groups. 
Age and rurality: [Interaction P=0.023] 
- The effect of age varied by rurality. People age 80-84 had greater need than 
those aged 50-59. But this effect was weakest in urban areas and greatest in 
rural areas. The same was observed for those aged 85+, who have greater 
need than those aged 50-59, where this age effect had even greater variation 
by rurality groups. 
3Y 
The effect of rurality varied by age groups. 'Iii those aged 50-84 there was no 
rurality effect. But in those aged 80-84 those living in rural areas had greater 
need than those in urban areas. 
Age and ethnic mix of the area: [Interaction 'P = 0.031] 
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- The effect of need increasing with age varied according to the ethnic mix of 
the area a person lived in. The age effect was far greater for those living in 
White areas than those living in Non-White areas. 
- The effect of ethnicity varied by age. Those aged 85 living in Non-White 
areas had less need for TKR than those living in White areas. However there 
was no evidence of an ethnicity effect in the other age groups. 
Figure 8.1. Graphs of two-way interactions for knee replacement 
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8.2.3. Repeating analyses using the Townsend 1991 deprivation index 
Current analyses have been conducted using the IMD 2004 deprivation index. 
This deprivation index will be used in the analyses of other datasets such as 
ELSA and the HES provision analyses. By using the same index for all analyses, 
it will allow comparison of rates between different datasets. 
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However the SASH study was conducted around 1994/95 and the IMD2004 
index is based on data on wards from the 2001 census. It may therefore be more 
appropriate to use the Townsend 1991 deprivation index, based on data from 
wards in the 1991 census, as this may be a better reflection of the characteristics 
of the areas people in the SASH study lived in at the time. For example, it is 
unclear whether wards considered deprived in the 1991 census would remain so 
by the 2001 census, and the demographic characteristics of areas may have 
changed. 
All the analyses have therefore been re-run using Townsend 1991 deprivation 
quintiles (This includes re-running regression analyses of predictors of 
attendance at clinical examination and calculation of sampling fractions). The 
results of the analyses are shown in the tables 8.4 and 8.5 below. What they 
highlight is that the deprivation effect is much stronger using the Townsend 1991 
deprivation index, than it is using the IMD 2004 deprivation index. The reason 
for this is unclear. 
Table 8.4. Rates of need for primary hip replacement, by socio-demographic 
groups (using Townsend 1991 Index) 
Number in 
Total number of need of 
subjects with hip THR Crude rate ratio Adjusted rate ratio 
pain (% of total) (95%CI) (95%CI) 
Age groups: 
50-59 1975 31(1.6%) 1.00 1.00 
60-69 2160 40 (1.9%) 1.18 (0.74,1.89) 1.18 (0.74,1.89) 
70-79 1701 34(2.0%) 1.27 (0.78,2.07) 1.25 (0.77,2.04) 
80-84 476 16 (3.4%) 2.14 (1.17,3.92) 2.02 (1.10,3.70) 
85+ 165 4 (2.4%) 1.54 (0.54,4.37) 1.39 (0.49,3.95) 
P Linear trend P=0.032 P=0.056 
P Non-linear trend P=0.72 P=0.74 
Sex: 
Female 3,439 85 (2.5%) 1.00 1.00 
Male 3,039 40 (1.3%) 0.53 (0.37,0.78) 0.55 (0.37,0.80) 
Townsend Deprivation: 
Least deprived 2,548 43 (1.7%) 1.00 1.00 
2 1,607 37(2.3%) 1.36 (0.88,2.12) 1.42 (0.86,2.32) 
3 696 13 (1.9%) 1.11 (0.59,2.06) 1.11(0.58,2.14) 
4 1,014 16 (1.6%) 0.93 (0.53,1.66) 0.94 (0.51,1.76) 
Most Deprived 612 16 (2.6%) 1.55 (0.87,2.75) 1.65 (0-88,3.07) 
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P Linear trend 




Urban >10k 4,973 97 (2.0%) 1.00 1.00 
Town & Fringe 636 13 (2.0%) 1.05 (0.59,1.87) 1.17 (0.62,2.20) 
Village/ Isolated 868 15 (1.7%) 0.89 (0.51,1.53) 1.01 (0.55,1.86) 
P Linear trend P=0.73 P=0.88 
P Non-linear trend P=0.73 P=0.64 
Ethnic mix of area: 
White 933 18 (1.9%) 1.00 1.00 
Non-white 5,544 107 (1.9%) 1.00 (0.61,1.65) 1.14 (0.66,1.97) 
Table 8.5. Rates of need for primary knee replacement, by socio-demographic 
groups (using Townsend 1991 Index) 
Number in 
Total number of need of 
subjects with hip THR Crude rate ratio Adjusted rate ratio 
pain (% of total) (95 % CI) (95%CI) 
Age groups: 
50-59 1612 32(2.0%) 1.00 1.00 
60-69 2344 78 (3.3%) 1.68 (1.11,2.53) 1.72 (1.14,2.60) 
70-79 2049 86 (4.2%) 2.11(1.41,3.17) 2.15 (1.43,3.23) 
80-84 442 35 (7.9%) 3.99 (2.47,6.44) 3.75 (2.32,6.06) 
85+ 233 19 (8.2%) 4.10 (2.33,7.24) 3.73 (2.11,6.60) 
P Linear trend P<0.001 P<0.001 
P Non-linear trend P=0.59 P=0.62 
Sex: 
Female 3,549 174 (4.9%) 1.00 1.00 
Male 3,132 76 (2.4%) 0.49 (0.38,0.65) 0.52 (0.40,0.68) 
Townsend Deprivation: 
Least deprived 2,715 78 (2.9%) 1.00 1.00 
2 1,556 66 (4.2%) 1.48 (1.06,2.05) 1.40 (0.97,2.04) 
3 761 37 (4.9%a) 1.69 (1.14,2.50) 1.73 (1.13,2.64) 
4 1,014 41(4.0%) 1.41(0.96,2.05) 1.47 (0.97,2.24) 
Most Deprived 635 28 (4.4%) 1.54 (1.00,2.36) 1.71 (1.07,2.73) 
P Linear trend P=0.02 P=0.016 
P Non-linear trend p=0.18 P-0.40 
Rurality: 
Urban >10k 5,170 200 (3.9%) 1.00 1.00 
Town & Fringe 603 22 (3.6%) 0.94 (0.61,1.47) 1.05 (0.65,1.69) 
Village/Isolated 907 28 (3.1%) 0.80 (0.54,1.18) 1.02 (0.65,1.61) 
P Linear trend P=0.27 P=0.90 
P Non-linear trend P-0.82 P=0.87 
Ethnic mix of area: 
White 930 44 (4.7%) 1.00 1.00 
Non-white 5,751 206 (3.6%) 0.76 (0.55,1.05) 0.75 (0.52,1.08) 
For knee replacement, evidence of interaction was found between Townsend 
deprivation quintiles and rurality (P < 0.001). The effect of deprivation, with 
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q 
those living in the more deprived areas having greater need than those in the 
least deprived areas, was only evident for those living in rural areas (Figure 8.2). 
The effect of rurality did not vary across Townsend deprivation groupings. 
Figure 8.2. Graph of two-way interaction for knee replacement using Townsend 
score 
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8.3. Summary of main findings 
8.3.1. Primary hip replacement 
Socio-demographics: 
- Need for hip replacement increased with age up to age 80-84, before falling in 
those aged 85+. 
- Women have greater need than men. 
- Using either the IMD2004 or Townsend 1991 deprivation index, need for THR 
is not associated with deprivation. 
- Rurality is not associated with need for THR. 
- There is no evidence need for THR is associated with the ethnic mix of the 
area. 
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Geographical variation: 
- No evidence of clustering across either wards or districts 
8.3.2. Primary knee replacement 
Socio-demographics: 
- Need increased with age. 
- Need was greater in females. 
- Using the Townsend 1991 index there was weak evidence those in the most 
deprived areas had greater need for TKR. 
- Rurality is not associated with need for TKR. 
- The ethnic mix of the area is not associated with need for TKR. 
Geographical variation: 
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CHAPTER 9. INEQUALITIES IN THE NEED FOR 
TOTAL JOINT REPLACEMENT OF THE HIP 
AND KNEE USING THE ENGLISH 
LONGITUDINAL STUDY OF AGEING (ELSA) 
There are two main aims for the analysis of ELSA data in this chapter: 
1. To examine inequalities in the need for total joint replacement of the hip 
and knee, by various socio-demographic domains. 
2. To generate small area predictions of need in each of the 354 districts in 
England 
9.1. Descriptive statistics of ELSA subjects 
Looking at the characteristics of the subjects in ELSA shows a fairly 
representative sample of each of the socio-demographic groups (Table 9.1). The 
majority of people are in the younger age groups aged 50-74, and there are 
slightly more females (54.5%) than males. Subjects are primarily White (96.5%) 
and of higher social class. The ecological data highlights that people in the ELSA 
study tend to live in better off areas. 
Table 9.1. Characteristics of the 11,392 ELSA subjects 
Number (%) Number (%) 
Individual level data: Ecological level data: 
Age group: IMD2004 Deprivation: 
50-54 1981(17.4) Least Deprived 2573 (22.6) 
55-59 2185 (19.2) 2 2530 (22.2) 
60-64 1688 (14.8) 3 2348 (20.6) 
65-69 1711(15.0) 4 2161(19.0) 
70-74 1471(12.9) 
75-79 1094 (9.6) 
80-84 806 (7.1) 
85+ 456 (4.0) 
Sex: 
Female 6205 (54.5) 
Male 5187 (45.5) 
_ Social class: 






Urban >10k 8606 (75.5) 
Town & Fringe 1393 (12.2) 
Village/Isolated 1392 (12.2) 
Missing 1 (0.0) 
Ethnicity: 
White 2163 (19.0) 
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II - Managerial & Technical 2997 (26.3) 
III N- Skilled - non-manual 2618 (23.0) 
III M- Skilled - manual 2218 (19.5) 
IV - Partly skilled 1779 (15.6) 
V- Unskilled 785 (6.9) 
Missing 498 (4.4) 
Ethnicity: 
White 10996 (96.5) 
Non-white 320 (2.8) 
Missing 76(0.7) 
Non-white 9228 (81.0) 
Missing 1(0.0) 
Total: 11392 (100.0) 
9.2. Estimating rates of need for joint replacement 
The modelling strategy for exploring inequalities in the need for TJR using ELSA 
data is described in chapter 5. Poisson regression modelling is used to estimate 
rates of need for hip and knee replacement. The strategy of analysis for Poisson 
regression modelling is summarised in figure 6.7, Chapter 6. Using Stata a 
random effects Poisson regression model is fitted allowing for clustering across 
CASwards. The corresponding p-values of 1.00 for separate models for hips and 
knees suggest no evidence of overdispersion. Repeating the analysis controlling 
for clustering across districts, gave a p-value of 0.29 for the hip model and 0.35 
for knees, suggesting no evidence of clustering across districts. Therefore the 
simple fixed effects Poisson regression model is used. 
9.2.1. Analysis of need for hip replacement 
Table 9.2. Rates of need for hip replacement, by socio-demographic groups 
Crude RR (95%CI) Adjusted RR (95%CI) 
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P Non-linear trend P=0.84 P=0.32 
Sex: 
Female 1.00 1.00 
Male 0.67 (0.56,0.80) 0.74 (0.60,0.92) 
Social Class: 
I- Professional 1.00 1.00 
II - Managerial & Technical 3.91 (1.44,10.62) 2.52 (0.93,6.85) 
III N- Skilled - non-manual 5.73 (2.12,15.51) 3.04 (1.11,8.30) 
Ill M- Skilled - manual 7.69 (2.85,20.77) 4.45 (1.64,12.04) 
IV - Partly skilled 8.81 (3.26,23.84) 3.71 (1.35,10.17) 
V- Unskilled 8.01(2.89,22.20) 3.05 (1.07,8.69) 
P Linear trend P<0.001 P=0.002 
P Non-linear trend P=0.003 P=0.005 
Ethnicity: 
White 1.00 1.00 
Non-white 1.81(1.24,2.64) 1.42 (0.86,2.36) 
Ecological variables: 
IMD2004: 
Least deprived 1.00 1.00 
2 1.37 (1.00,1.88) 1.22 (0.85,1.75) 
3 1.87 (1.39,2.53) 1.66 (1.18,2.33) 
4 2.23 (1.66,3.00) 2.07 (1.48,2.92) 
Most Deprived 2.96 (2.21,3.95) 2.39 (1.68,3.41) 
P Linear trend P<0.001 P<0.001 
P Non-linear trend P=0.89 P=0.90 
Rurality: 
Urban >10k 1.00 1.00 
Town & Fringe 0.90 (0.69,1.17) 1.26 (0.93,1.70) 
Village/Isolated 0.64 (0.47,0.87) 1.00 (0.69,1.45) 
P Linear trend P=0.004 P=0.56 
P Non-linear trend P=0.42 P=0.18 
Ethnic mix of area: 
White 1.00 - 
Non-white 1.02 (0.83,1.27) - 
Risk factors: 
Obesity 
BMI < 32 1.00 1.00 
BMI >= 32 2.80 (2.30,3.40) 2.78 (2.27,3.40) 
I-' Variable excluded from fully adjusted model as no evidence it is associated with rates of need 
for hip replacement. 
The results from the regression analyses provide good evidence that need for hip 
replacement increases with age (Table 9.2). Adjustment for other variables in the 
Multivariable model attenuated the effect of those aged 85+ such that they have 
the greatest need for hip replacement. Women have greater need than men, 
although the effect was attenuated somewhat in multivariable analyses. There 
was a strong linear effect of individual social class, with those of lowest social 
class having the greatest need. In multivariable models, the effect of social class 
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was attenuated, mainly by adjustment for deprivation and obesity. In 
univariable analyses there was good evidence that people of non-white ethnicity 
had an increased need for joint replacement of the hip, but this was due to 
confounding by deprivation and social class, such that the effect no longer 
remains in the multivariable model. 
For the ecological variables, there was a clear effect of deprivation, where need 
was greatest for people living in the most deprived areas. This was not as strong 
as the effect of individual social class. Interestingly, although the multivariable 
model includes social class and deprivation, both variables still demonstrate a 
strong effect on need for joint replacement. This suggests that need for hip 
replacement is related to how deprived an area you live in, as well as your 
individual social class. 
There was no effect of rurality on need for joint replacement in the multivariable 
models. Adjusting for deprivation being the reason for attenuation of effect. The 
ethnic mix of the area people live in was not associated with need for joint 
replacement. Obesity is a strong predictor of need for joint replacement, where 
obese people have almost 3 times the need compared to those who are not obese. 
The following interactions were observed (Figure 9.1): 
Social class and Obesity: [Interaction P=0.03] 
- In obese people there was no evidence of an effect of social class. Whilst in 
those who are not obese there was a strong effect of social class with need for 
hip replacement highest in those of lowest social class. 
IMD deprivation and age: [Interaction P=0.06] 
- Evidence of a deprivation effect was strongest for people aged 50-69, with 
need being greatest in those living in the most deprived areas. The 
deprivation effect was weaker in those aged 70-79, with no evidence of a 
deprivation effect in those aged 80+. 
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- The effect of need increasing with age was greatest for people living in the 
least deprived areas. Whereas for those living in the most deprived areas 
there was no association between age and the need for hip replacement. 








_. ý aI 
-'-r- II Nf 11 M 
-5-- IV -5-- V 










9.2.2. Analysis of need for knee replacement 
Table 9.3. Rates of need for knee replacement, by socio-demographic groups 
Crude RR (95%CI) Adjusted RR (95%CI) 
Individual level variables: 
Age groups: 
50-54 1.00 1.00 
55-59 1.24 (0.93,1.65) 1.26 (0.93,1.72) 
60-64 1.39 (1.04,1.87) 1.24 (0.90,1.70) 
65-69 1.53 (1.15,2.04) 1.26 (0.92,1.73) 
70-74 1.72 (1.29,2.30) 1.48 (1.07,2.03) 
75-79 2.26 (1.70,3.02) 2.24 (1.63,3.07) 
80-84 2.67 (1.99,3.60) 2.53 (1.80,3.55) 
85+ 2.36 (1.64,3.40) 2.87 (1.88,4.39) 
P Linear trend P<0.001 P<0.001 
P Non-Linear trend P=0.74 P=0.35 
267 
Inequalities in the need for primary joint replacement of the hip and knee using the English Longitudinal 
Study of Ageing (ELSA) 
Sex: '. 
Female 1.00 1.00 
Male 0.72 (0.62,0.84) 0.80 (0.67,0.97) 
Social Class: 
I- Professional 1.00 1.00 
II - Managerial & Technical 3.43 (1.52,7.76) 2.65 (1.09,6.45) 
III N- Skilled - non-manual 4.94 (2.19,11.15) 3.23 (1.32,7.90) 
III M- Skilled - manual 6.65 (2-96,14.97) 4.42 (1.82,10.70) 
IV - Partly skilled 7.47 (3.3Z 16.83) 4.12 (1.68,10.08) 
V- Unskilled 7.80 (3.40,17.86) 3.85 (1.55,9.61) 
P Linear trend P<0.001 P<0.001 
P Non-Linear trend P=0.005 P=0.017 
Ethnicity: 
White 1.00 1.00 
Non-white 1.82 1.32,2.52) 1.17 (0.74,1.87) 
Ecological variables: 
IMD2004: 
Least deprived 1.00 1.00 
2 1.32 (1.00,1.74) 1.22 (0.89,1.67) 
3 1.73 (1.33,2.25) 1.54 (1.14,2.07) 
4 2.29 (1.77,2.95) 2.14 (1.60,2.87) 
Most Deprived 3.21 (2.51,4.11) 2.71 (2.01,3.66) 
P Linear trend P<0.001 P<0.001 
P Non-Linear trend P=0.97 P-0.93 
Rurality. 
Urban >10k 1.00 1.00 
Town & Fringe 0.94 (0.75,1.17) 1.38 (1.07,1.78) 
Village/Isolated 0.66 (0.50,0.85) 1.11 (0.81,1.51) 
P Linear trend P=0.002 P-0.13 
P Non-Linear trend P=0.26 P-0.065 
Ethnic mix of area: 
White 1.00 - 
Non-white 0.96 (0.80,1.15) -- 
Risk factors: 
Obesity 
BMI < 32 1.00 1.00 
BMI >= 32 2.72 (2.30,3.23) 2.65 (2.23,3.15) 
'-'Variable excluded from fully adjusted model as no evidence it is associated with'rates of need 
for knee replacement 
Predictors of need for knee replacement were the same as those for hips. Need 
increased with age, and was greater in females (Table 9.3). Those of lower social 
class had greater need than the higher social classes. There was no effect of 
individual ethnic group in the fully adjusted multivariable model. Need was 
greater for people living in the most deprived areas. In the multivariable model 
there was some evidence of need being greater for people living in Town & 
Fringe areas. 
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Evidence of interaction was observed for knee replacement (Figure . 9.2): i'' 
Age and Sex: [Interaction P=0.008] 
- For women there is good evidence that need for total knee replacement 
increases with age. However for men, there is only evidence that men aged 
80+ have an increased need for knee replacement, compared to those aged 50- 
59. 
- The gender effect of women having increased need for knee replacement is 
only apparent in those aged 70+. 
Age and IMD deprivation: [Interaction P<0.001] 
- There is a strong effect of need increasing with age in the least deprived 
groups. However there is no evidence of an age effect in the most deprived 
group. 
- The deprivation effect, need increasing with increasing levels of deprivation, 
is greatest in those aged 50-69. Whilst by age 80+ there is no deprivation 
effect. 
Age and Rurality: [Interaction P=0.03] 
- There is a strong age effect for those living in Village/ Isolated areas. But this 
is weaker in Town & Fringe areas, and not apparent at all in urban areas. 
-A 
rurality effect, of those living in Town & Fringe and Village/Isolated areas 
having less need for Knee replacement than those living in Urban areas, is 
apparent in those aged 50-59. ' However there is no other evidence of this in 
other age groups. 
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Figure 9.2. Graphs of two-way interactions for knee replacement 
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9.2.3. Sensitivity analyses 
Studies estimating the need for joint replacement surgery use different ways of 
assessing severity of joint disease, such as the Index of Severity of Osteoarthritis 
developed by Lequesne 129, New Zealand Score criteria 130, and Western Ontario 
and MacMaster Universities Osteoarthritis Index (WOMAC) 131. These scores are 
continuous variables and authors will then derive an arbitrary 'cut-off based on 
these measures to determine whether patients require joint replacement. This is 
a limitation of our analysis as well. 
In the Wiltshire & Sheffield studies 18 64 the authors repeated the analyses using a 
different choice of threshold. They found that although the overall level of need 
was far higher using the lower threshold it led to the same conclusions regarding 
inequalities in health and treatment. In our analysis we used a cut-off of 48 to 
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described above exploring inequalities in the need for hip and knee replacement 
using both lower and higher choices of threshold (scores of 43 and 53) as a. 
sensitivity analyses. The results are presented in tables A. 9.4 and A. 9.5 in 
1dT 
Appendix 9.1. Repeating the analyses we found that our conclusions remained 
unchanged regardless of the choice of threshold used. Hence the evidence we 
found of inequalities in the need for hip and knee replacement by various socio- 
demographic groups is consistent using different cut-offs to classify need for 
surgery. 
s 
9.3. Predicting rates of need for hip and knee replacement in 
- districts 
Having fitted a model examining inequalities in the need for hip and knee 
replacement across various socio-demographic groups for England, we now wish 
to predict need at the small area level. The idea is to fit a Poisson Multilevel 
regression model to the ELSA dataset, then combine the estimates from this 
model with population counts from the 2001 census. The methodological 
approach to generate small area predictions is summarised in figure 6.9 in 
chapter 6. We have therefore re-fitted the ELSA Poisson regression models only 
including the variables age, sex, deprivation, rurality and the ethnic mix of the 
area. Where evidence of interaction has been observed, the interaction terms are 
included in the final model, Separate models of need for both hip and knee 
replacement have been fitted in WinBUGS and the predicted rate of need in each 
of the 354 districts in England generated. The predicted rates are given in tables 
A. 9.6 and A. 9.7 in Appendix 9.2. 
The predicted rates of need for hip` (Figure 9.3) and knee replacement (Figure 9.4) 
can then be displayed on a map of England. The rates have been split into 
quantiles, to show areas with high and low rates of need. Areas with low rates 
are shown in blue, whilst those with high rates of need are given in red. In 
addition, a map showing the standard error of the rate of need is produced to 
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9.4. Summary of main findings 
9.4.1. Need for hip replacement 
-ý 
Socio-demographics: 
- Need for hip replacement increases with age. 
- Women have greater need than men. 
- There was a strong linear effect of individual social class, with those of lowest 
social class having the greatest need. 
- In univariable analyses there was good evidence people of non-white 
ethnicity had an increased need for hip replacement, but this was due to 
confounding by deprivation and social class, such that the effect no longer 
remains in the multivariable model. 
- There was a clear of effect of deprivation, where need was greatest for people 
living in the most deprived areas. This was not as strong as the effect of 
individual social class. Interestingly, although the multivariable model 
includes social class and deprivation, both variables still demonstrate a strong 
effect on need for joint replacement. 
- There was no effect of rurality on need for joint replacement in the 
multivariable models. 
- The ethnic mix of the area people live in was not associated with need for 
joint replacement. 
- Obesity is a strong predictor of need for joint replacement, where obese 
people have almost 3 times the need compared to those who are not obese. 
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Geographical variation 
No evidence was found of clustering across wards or districts. This suggests that 
overall variation in rates of need for hip replacement is explained by the 
variables in the model. 
9.4.2. Need for knee replacement 
Socio-demographics: 
- Need increased with age. 
- Need was greater in Females. 
- Those of lower social class had greater need than the higher social classes. 
- In univariable analyses there was evidence people of non-white ethnicity had 
greater need. However there was no effect of individual ethnic group in the 
fully adjusted multivariable model. 
- Need was greater for people living in the most deprived areas. 
- There was no evidence the ethnic mix of the area was associated with need 
for knee replacement. 
- In the multivariable model there was some evidence of need 
being greater for 
people living in Town & Fringe areas. 
- Obesity was a predictor of need for knee replacement surgery. 
Geographical variation 
No evidence was found of clustering across wards or districts. 
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CHAPTER 10. EXPLORING EQUITY IN ACCESS TO 
CARE FOR TOTAL JOINT REPLACEMENT OF 
THE HIP AND KNEE 
In the analyses conducted thus far, we have used HES data to estimate rates of 
provision, and data from ELSA to produce rates of need for joint replacement. 
This allowed us to explore whether there are inequalities in both the need for, and 
provision of, joint replacement according to different socio-demographic 
groupings. The next step is to explore whether there is inequity in access to care, 
by comparing rates of need to rates of provision. 
10.1. Descriptive look at equity in access to care 
As a first step to see whether there is equity in access to care for TJR, we will do a 
descriptive analysis, comparing rate ratios of need from ELSA, with rate ratios of 
provision from HES. As an example, if we consider deprivation alone, our 
analyses have shown that need increases with increasing levels of deprivation, 
but when analysing provision the opposite was seen with provision decreasing 
as levels of deprivation increase. This suggests there may be inequity by 
deprivation group. Doing a simple visual look at whether inequities are present 
gives us an idea of what is going on, before we proceed to more complicated 
analyses. 
When looking at inequity, we can only compare variables that are common in 
both datasets so analyses must be restricted to age, sex, deprivation, rurality and 
the ethnic mix of the area. Analysis of need using the ELSA data has already 
been repeated including just these variables, when generating small area 
predictions. However the HES analyses will have to be repeated to generate 
rates of provision according to these variables alone. Below are plots displaying 
rate ratios of need and provision, by various socio-demographic groups. Note 
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that rate ratios were produced using Multivariable Poisson regression analyses 
(see chapter 6), hence the rate ratios are adjusted for all other variables in the 
models. I. e. rate ratios by age group are adjusted for sex, deprivation, rurality 
and ethnicity. 
Figure 10.1. Graph comparing rates of need for, and provision of, hip 
replacement, by socio-demographic groups 
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Looking at the plots in figure 10.1, we can see that there may be evidence of 
inequity in access to care for hip replacement. Rates of need increase with age, 
whilst rates of provision increase up to age 70-79, then fall. This suggests that 
those aged 80+ are receiving less provision relative to their need, than the 
younger age groups. This is particularly so for those aged 85+, where compared 
to those aged 50-54, rates of provision are lower than rates of need. Women have 
greater need than men, and although they still receive greater provision than 
men, the plot suggests underprovision relative to their need. A strong pattern of 
277 
Exploring equity in access to care for total joint replacement of the hip and knee 
inequity is observed by deprivation group. Rates of need increase with 
increasing levels of deprivation, whereas rates of provision remain flat, and are 
actually lower in the most, compared to least deprived groups. No patterns of 
inequity are present on plots of rurality and the ethnic mix of the area. 
Figure 10.2. Graph comparing rates of need for, and provision of, knee 
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Similar patterns of inequity are observed for knee replacement in figure 10.2. 
There is a suggestion people in the older age groups are receiving less provision 
relative to their need compared to younger groups. Those aged 85+ seem to 
receive the least provision even though they have the greatest need; this inequity 
appears worse for hip, compared to knee replacement. Women have greater 
need than men, but this is not reflected by provision. Inequity by gender appears 
worse for knee replacement. A strong deprivation effect is seen again, where 
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although those in the most deprived areas have greatest need, they are actually 
receiving less provision than those living in the least deprived areas. 
The problem with looking at simple descriptive plots is that we do not have any 
statistical evidence as to whether inequity is present. Whilst the plots suggest 
potential inequities in access to hip and knee replacement surgery, we have not 
formally quantified to what extent this occurs, and it could be just a chance 
finding. 
10.2. Geographical variation in equity in access to care 
We can visually explore whether there is equity in access to care for TJR, by 
comparing maps displaying the overall rates of the need for, and provision of, 
hip and knee replacement in the 354 districts in England. I. e. do areas with high 
rates of need for hip replacement receive higher rates of provision? When 
analysing data from ELSA, we produced overall rates of need for TJR in each 
district in England (Chapter 9). The overall rates are adjusted for age, sex, 
deprivation, rurality and the ethnic mix of the area. Using HES data we 
produced overall rates of provision in each district (Chapter 7), but these rates 
were additionally adjusted for hospital trust characteristics and distance 
variables. The HES analysis has therefore been repeated, and district level 
predictions generated again, this time only adjusting for the socio-demographic 
variables. As hospital characteristics and distance variables could potentially 
explain why inequity occurs, we do not want to adjust the estimates of provision 
for them at this stage. 
Looking at the maps comparing district level rates of need to provision, we can 
see there are potential inequities in access to care. For both hip (Figure 10.3) and 
knee replacement (Figure 10.4), some districts with high rates of need, receive 
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lower rates of provision. Some districts with low rates of need appear to receive 
higher rates of provision. However, there are also districts where rates of need 
appear to reflect rates of provision. This suggests there may be geographical 
variation in equity in access to joint replacement. 
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10.3. Exploring equity in access to hip and knee replacement surgery 
using log-linear regression modelling 
To formally explore whether inequities potentially exist in access to care for joint 
replacement, we want to combine the estimates of need from ELSA, with those of 
provision from HES, in one statistical regression model. Using the statistical 
software WinBUGS, it is possible to combine these two datasets, and fit a log- 
linear regression model, comparing the log rate of need, to the log rate of 
provision, to produce equity rate ratios by socio-demographic, hospital and 
distance variables. In order to fit such a log-linear model, we re-analyse the HES 
and ELSA datasets, to produce estimates of the log rate of provision, and log rate 
of need, in each of the 79690 age, sex, and CASward groups in England (see 
chapter 6 for the methodology to produce these small area predictions). The 
remaining socio-demographic variables (deprivation, rurality and ethnic mix of 
area), hospital and distance variables can be linked to this dataset as they are all 
estimated at CASward level. The strategy of analysis for log-linear regression 
modelling is summarised in figure 6.9, chapter 6. 
10.3.1. Analysis of hip replacement data 
We began by fitting a fixed-effects log-linear regression model including socio- 
demographic variables of age, sex, deprivation, rurality and ethnic mix of the 
area. A random-effects model was then fitted, to see if the effect of equity varied 
across wards and districts. In WinBUGS, model fit is assessed using the deviance 
information criteria (DIC), with lower DIC representing a better fitting model 
after taking account of model complexity. A random effects model that allows 
for clustering across wards and districts, and additional overdispersion that 
remains after controlling for clustering in the data was chosen as this had the 
smallest DIC (Appendix 10.1). Separate models were then fitted including 
interaction terms. If evidence was found of an important interaction, the 
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interaction was examined and presented in figure 10.5, but not included in the 
final model. 
We then looked at how hospital trust characteristics and distance measures may 
impact on equity in access to care. We began fitting a full model including all 
variables, then used backwards selection to remove variables that were not 
associated with rates of equity, until we had a final model that best fit the data. 
The model fitting process and DIC values are described in Appendix 10.1, table 
A. 10.3. The final regression model is presented below: 
Table 10.1. Equity rate ratios for access to care to hip replacement 
Socio-demographic 
Model Full Model 
Adjusted RR (95%CI)Adjusted RR (95%oCI) 
Socio-demographic characteristics: 
Age groups: 
50to59 1.00 1.00 
60to69 1.88 (1.87,1.89) 1.88 (1.87,1.89) 
70to79 1.23 (1.22,1.24) 1.23 (1.22,1.24) 
80to84 0.68 (0.67,0.68) 0.68 (0.67,0.68) 
85+ 0.19 (0.19,0.20) 0.19 (0.19,0.20) 
Sex: 
Female 1.00 1.00 
Male 1.77 (1.76,1.78) 1.77 (1.76,1.78) 
IMD2004: 
Least deprived 1.00 1.00 
2 0.99 (0.97,1.01) 0.99 (0.98,1.02) 
3 0.98 (0.96,1.01) 0.99 (0.97,1.01) 
4 0.96 (0.93,0.99) 0.96 (0.94,0.99) 
Most Deprived 0.89 (0.85,0.92) 0.90 (0.86,0.94) 
Ethnic mix of area: 
White 1.00 1.00 
Non-White 0.99 (0.97,1.00) 1.00 (0.98,1.01) 
Rurality: 
Urban >10k 1.00 1.00 
Town & fringe 1.08 (1.06,1.10) 1.06 (1.03,1.08) 
Village/ isolated 1.05 (1.03,1.07) 1.03 (1.01,1.05) 
Hospital trust characteristics: 
Annual hospital trust volume 
1(1-234) - 1.00 
2(238-308) - 1.12 (1.09,1.16) 
3(310-389) - 1.09 (1.05,1.14) 
4(396-564) - 1.08 (1.03,1.11) 
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5 (570 - 1076) 
Rate of All Consultants per 100,000 
1 (4.18 - 29.95) 
2 (30.15 - 34.27) 
3 (34.35 - 38.09) 
4 (38.98 - 46.07) 
5 (46.15 - 550.18) 
Rate of T&O Consultants per 100,000 
1 (1.35 -2.05) 
2 (2.06 - 2.41) 
3(2.41-2.75) 
4 (2.76 - 3.11) 
5(3.11-13.72) 
Rate of Operating Theatres per 100,000 
- 1.08 (1.03,1.13) 
- 1.00 
- 0.91 (0.87,0.95) 
- 0.94 (0.91,0.98) 
- 0.86 (0.83,0.90) 
- 0.78 (0.75,0.82) 
- 1.00 
- 1.04 (1.00,1.07) 
- 1.11 (1.07,1.14) 
- 1.02 (0.98,1.07) 
- 1.11(1.08,1.15) 
1 (0.00 -3.62) - 1.00 
2 (3.63 -4.46) - 1.03 (1.00,1.07) 
3 (4.50 - 5.03) - 1.06 (1.01,1.10) 
4 (5.07 - 5.97) - 1.07 (1.02,1.13) 
5 (6.08 -42.42) - 1.08 (1.03,1.15) 
Measures of distance to hospital: 
Road travel times (minutes) 
1(1.79 -12.85) - 1.00 
2 (12.86 - 20.07) - 1.03 (1.01,1.05) 
3 (20.08 - 30.10) - 1.06 (1.04,1.08) 
4 (30.11 - 45.89) - 1.09 (1.06,1.13) 
5 (45.91 - 225.76) - 1.11 (1.07,1.15) 
=' Variable not included in multivariable model 
For age an 'n' shaped curve is observed, where compared to those aged 50-59, 
people aged 60-79 receive greater provision of THR relative to their need, whilst 
people aged 80+ get less provision relative to their need (Table 10.1). Age 
inequity is particularly severe in those aged 85+ who get 0.19 times (81 %) less 
provision relative to their need than those aged 50-59, and even less when 
compared to the 60-79 age group. Men receive 1.8 times (80 %) as much provision 
relative to their need, than women do, providing evidence of inequity favouring 
men. There was no evidence of inequity according to the ethnic mix of the area 
people lived in. For rurality, those living in urban areas receive less provision 
relative to need compared with those in more rural areas. 
Equity in access to care was observed by deprivation group, but this was 
modified by controlling for evidence of clustering across districts. In the simple 
fixed effects model there was a strong linear effect of deprivation, whereby 
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people living in the most deprived areas received 0.66 times (34% less) provision 
relative to their need compared to those in the least deprived areas. However 
after controlling for evidence of clustering across districts the effect has been 
attenuated such that people in the most deprived areas receive 10% less 
provision relative to need. Such attenuation of the deprivation effect by 
controlling for clustering across districts was also observed in analyses exploring 
inequalities in the provision of THR using HES data (Chapter 7). 
Adjustment for hospital trust characteristics did not attenuate the equity rate 
ratios of the socio-demographic variables in the model, although some hospital 
and distance variables were found to be associated with overall rates of equity in 
access to THR. There was evidence that hospital trusts performing low volumes 
of THR (1 - 234 THR/annum) was associated with people receiving less 
provision relative to their need, compared to hospitals performing higher 
volumes of surgery. Greater numbers of Trauma & Orthopaedic consultants and 
operating theatres were also associated with greater provision relative to need. 
Hospitals with greater overall numbers of consultants were associated with less 
provision relative to need. Having to travel more than 12 minutes for a THR 
operation, was associated with greater provision relative to need, compared to 
shorter travel times. 
The following interactions were observed between socio-demographic variables 
(Figure 10.5): 
Age and sex: [Difference in DIC -612.7] 
o The effect of people aged 60-79 receiving greater provision to need than those 
aged 50-59, is greater in males than in females. 
o The effect of gender, where males get greater provision to need than females, 
is stronger in those aged 60-79, and weakest in those aged 85+. 
Age and IMD: [Difference in DIC -3242] 
o The effect of age is modified by deprivation group. The effect of people aged 
60-69 receiving greater provision to need, compared to the 50-59 group is 
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greatest for people living in the least deprived areas, and weakest in the most 
deprived areas. 
o The effect of deprivation is modified by age. In the youngest age groups 
(particularly those aged 60-69) people in the most deprived areas receive less 
provision to need. Whilst in those aged 80+ the. opposite is seen, with those 
in the most deprived areas getting greater provision to need. 
Age and rurality: [Difference in DIC -282] 
o The effect of people aged 60-69 getting greater provision to need is stronger in 
rural areas. 
o The effect of rurality varies by age group. In people aged 60-79 those in rural 
areas get greater provision to need, but there is no apparent rurality effect in 
the youngest and oldest groups. 
Sex and rurality: [Difference in DIC -422.6] 
o The effect of gender is strongest in urban areas, and weakest in rural areas. 
o In Females, those living in rural areas get more provision to need than those 
in urban areas. In Males, the opposite is seen, where people in rural areas get 
less provision to need. 
Sex and ethnicity: [Difference in DIC -191.6] 
o The effect of gender is strongest for people living in Non-white areas. 
o Males living in Non-white areas get less provision to need than those in 
White areas. The opposite is seen for females in Non-white areas who get 
greater provision to need than those in White areas. 
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Figure 10.5. Hip interaction plots 
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10.3.2. Analysis of knee replacement data 
Table 10.2. Equity rate ratios for access to care to knee replacement 
Socio-demographic 
Model Full Model 
Adjusted RR (95%CI)Adjusted RR (95%CI) 
Socio-demographic characteristics: 
Age groups: 
50to59 1.00 1.00 
60to69 1.96 (1.94,1.98) 1.96 (1.94,1.98) 
70to79 1.47 (1.46,1.49) 1.47 (1.46,1.49) 
80to84 0.61(0.60,0.61) 0.61 (0.60,0.61) 
85+ 0.12 (0.12,0.12) 0.12 (0.12,0.12) 
Sex: 
Female 1.00 1.00 
Male 1.49 (1.48,1.50) 1.49 (1.48,1.50) 
IMD2004: 
Least deprived 1.00 1.00 
2 1.05 (1.03,1.07) 1.05 (1.03,1.07) 
3 1.12 (1.10,1.15) 1.12 (1.10,1.15) 
4 1.08 (1.05,1.11) 1.08 (1.05,1.12) 
Most Deprived 1.07 (1.03,1.11) 1.07(l. 03,1.12) 
Ethnicity: 
White 1.00 1.00 
Non-White 1.00 (0.98,1.01) 1.00 (0.98,1.01) 
Rurality: 
Urban >10k 1.00 1.00 
Town & fringe 1.01 (0.99,1.03) 1,01 (0.99,1.03) 
Village/isolated 0.99 (0.97,1.01) 0.99 (0.97,1.01) 
Hospital trust characteristics: 
Annual hospital trust volume 
1(30-204) - 1.00 
2(205-263) - 1.09 (1.05,1.14) 
3(264-345) - 1.05 (1.01,1.08) 
4(352-495) - 1.12 (1.08,1.16) 
5(503-803) - 1.06 (1.02,1.11) 
Orthopaedic Training centre status 
No - 1.00 
Yes - 1.10 (1.07,1.14) 
Bed Occupancy rate (% occupied) 
1(71.12 - 79.46) - 1.00 
2 (79.59-83.54) - 1.07 (1.03,1.11) 
3 (83.59 - 86.28) - 1.06 (1.03,1.10) 
4 (86.32 - 89.04) - 1.01 (0.98,1.05) 
5 (89.06 - 97.20) - 1.06 (1.02,1.09) 
Rate of All Consultants per 100,000 
1(4.36 - 30.02) - 1.00 
2 (30.43 - 35.35) - 1.04 (1.00,1.08) 
3 (35.77- 38.79) - 0.96 (0.92,1.00) 
4 (39.04 - 47.48) - 0.93 (0.89,0.97) 
5 (47.50 - 447.69) - 0.94 (0.89,0.98) 
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Rate of T&O Consultants per 100,000 
1 (1.31 - 2.12) 
2 (2.14 - 2.49) 
3 (2.50 - 2.73) 
4 (2.76 - 3.09) 
5 (3.09 - 11.17) 
Rate of Operating Theatres per 100,000 
1 (0.00 - 3.58) 
2(3.67-4.44) 
3 (4.45 - 5.13) 
4 (5.13 - 6.11) 
5 (6.17 - 34.52) 
- 1.00 
- 0.93 (0.89,0.96) 
- 1.02 (0.99,1.06) 
- 0.98 (0.94,1.02) 
- 1.04 (1.00,1.07) 
- 1.00 
- 1.00 (0.96,1.03) 
- 0.96 (0.92,1.00) 
- 0.97 (0.93,1.01) 
- 0.96 (0.91,1.00) 
Rate of Dedicated Day Case Theatres per 100,000 
1 (0.00 - 0.42) - 1.00 
2 (0.42 - 0.67) - 1.00 (0.97,1.04) 
3 (0.68 - 1.02) - 1.03 (0.99,1.07) 
4 (1.03 - 1.40) - 0.98 (0.94,1.02) 
5 (1.40 - 3.84) - 1.12 (1.08,1.16) 
'-' Variable not included in multivariable model 
For the knee model there was evidence of clustering across wards and districts, 
together with evidence of overdispersion that remains after controlling for 
clustering in the data. The effect of age on equity in access to TKR was the same 
as that observed for THR, where an'n' shaped curve is observed with those aged 
60-79 receiving greater provision to need, compared to those aged 50-59 (Table 
10.2). However those aged 80+ receive less provision to need than those aged 50- 
59. So there are inequities going against both the oldest and youngest age 
groups. Men receive 1.5 times as much provision of TKR to need than women. 
There was no evidence that either the ethnic mix of the area or rurality was 
associated with equity in access to TKR. 
In the fixed-effects regression model there was an'n' shaped deprivation effect, 
where compared to those in the least deprived areas, those in deprivation groups 
2 and 3 receiving greater provision to need, and those in the most deprived areas 
less provision to need. Controlling for clustering across districts modified this 
effect, and now people in the least deprived areas receive less provision to need 
compared to those in more deprived areas. This change in the direction of 
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association for deprivation was observed exploring inequalities in the provision 
of TKR when analysing HES data (Chapter 7). 
As for THR, controlling for hospital and distance variables did not attenuate 
observed inequities for socio-demographic variables. Higher surgical volumes, 
orthopaedic training centre status, bed occupancy rate, numbers of T&O 
consultants, and dedicated day case theatres were associated with greater 
provision to need. Higher overall numbers of consultants was associated with 
reduced provision relative to need. 
The following interactions were observed (Figure 10.6): 
Age and sex: [Difference in DIC -2164.7] 
o The effect of age varied by gender. In males, compared to the 50-59 group, 
those aged 60-79 get more, whilst those aged 80+ less, provision to need. 
Whereas in Females, compared to the 50-59 group, 60-69 year olds got more, 
the 70+ group less, provision to need. 
o Men aged 60+ received greater provision to need than females, but the 
opposite is seen in men aged 50-59 who get less provision to need than 
women. 
Age and IMD: [Difference in DIC -940.9] 
o The effect of age is strongest in the least deprived areas, and weakest in the 
most deprived areas. 
o In people aged 50-79, those living in the most deprived areas got less 
provision to need. The opposite is seen in people aged 80+, where those in 
the most deprived areas get greater provision to need than the least deprived. 
Sex and rurality: [Difference in DIC -24.8] 
o The effect of gender is strongest in urban areas, and weakest in Town & 
Fringe areas. 
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o Females in rural areas get more provision to need than those in urban areas. 
The opposite is seen for males in rural areas who get less provision to need 
than males in urban areas. 
Sex and ethnicity: [Difference in DIC -48.5] 
o The effect of gender is greatest for people living in Non-white areas. 
o For males, those in Non-white areas get less provision to need than those in 
White areas. For females the opposite is seen with those in Non-white areas 
getting greater provision to need. 
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Figure 10.6. Knee interaction plots 
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10.4. Predicting the overall rate of inequity in access to hip and knee 
replacement in districts in England 
We can now predict the overall rate of inequity in access to hip and knee 
replacement for each of the 354 districts in England. We do this using same 
methodological approach outlined in chapter 6, section 6.7, for predicting overall 
rates of provision using HES data. District rates are adjusted for all socio- 
demographic, hospital trust and distance variables included in the final equity 
models. The overall rate of inequity is interpreted as the rate of provision per 
1000 persons in need. So an inequity rate of 30, implies that for every 1000 
people in need of joint replacement, 30 will receive a joint operation in secondary 
care. The overall rates of inequity in each district are displayed on maps of 
England in figure 10.7. A district with a high rate of inequity (coloured in red) is 
providing more operations for people in need, than a district with a low rate of 
inequity (coloured in blue). 
Looking at the maps, we can see that for both hip and knee replacement, the level 
of inequity varies geographically across England. People living in the south of 
England fare best (with the exception of London), such that people in need of a 
hip or knee operation in the South are more likely to get an operation than those 
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10.5. Summary of main findings 
10.5.1. Hip replacement 
Socio-demographic variables 
- For age an'n' shaped curve is observed, where compared to those aged 50-59, 
people aged 60-79 receive greater provision to need, whilst those aged 80+ get 
less provision to need. 
- Men receive 1.8 times as much provision relative to their need than women 
do, hence inequity favours men. 
- Those in the most deprived areas receive 10% less provision relative to their 
need than those in the least deprived areas. 
- There was no evidence of inequity according to the ethnic mix of the area. 
- Those living in urban areas receive less provision relative to need compared 
with those in rural areas. : 11 
Hospital trust characteristics 
- Hospital trusts performing low volumes of surgery were associated with 
people receiving less provision relative to their need. 
- Greater numbers of Trauma & Orthopaedic consultants and operating 
theatres were also associated with greater provision to need. 
- Hospitals with greater overall numbers of consultants were associated with 
less provision relative to need. 
- Having to travel more than 12 minutes for a THR operation was associated 
with greater provision to need. 
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Geographical variation 
- The overall rate of inequity in access to THR varies according to the socio- 
demographic characteristics of an area. Geographical variation across 
districts was observed, over and above that explained by the socio- 
demographic characteristics of the area. 
- People in need of a hip replacement are more likely to get the operation if 
they live in the South of England, compared to those in need in the North or 
London. 
10.5.2. Knee replacement 
Socio-demographics 
- For TKR, those aged 60-79 receiving greater provision to need, compared to 
those aged 50-59. However those aged 80+ receive less provision to need 
than those aged 50-59. 
- Men receive 1.5 times as much provision of TKR to need than women. 
- People in the least deprived areas receive less provision to need compared to 
those living in more deprived areas. 
- There was no evidence that either the ethnic mix of the area or rurality was 
associated with equity in access to TKR. 
Hospital trust characteristics 
- Higher surgical volumes, orthopaedic training centre status, bed occupancy 
rates, numbers of T&O consultants, and dedicated day case theatres were 
associated with greater provision to need. 
- Higher overall numbers of consultants was associated with reduced provision 
relative to need. 
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Geographical variation 
- The overall rate of provision to need will vary geographically according to the 
socio-demographic characteristics of an area, but there is evidence of 
additional variation across districts over and above that explained by socio- 
demographic, hospital and distance variables. 
- People living in the South of England are more likely to get a knee 
replacement if they need it, compared to those in London and the North. 
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CHAPTER 11. DISCUSSION 
11.1. Why this is an important area of research 
Trends 
Over the last couple of decades inequalities in health have been widening in 
Britain. Inequalities in mortality have increased between the richest and poorest 
in society 19 20 21, as has the gap in life expectancy 22 23. Although the health of 
society as a whole has been improving, as demonstrated by gains in life 
expectancy for all groups in this country, it is rising at a greater pace in more 
affluent groups. These inequalities mean poorer health, reduced quality of life 
and early death for the most vulnerable groups 27. 
Government policy 
In recognition of this, the UK government has committed itself to tackling health 
inequalities. A raft of government initiatives, white papers, and reports have 
been published over the last 10 years or so, such as the Independent Inquiry into 
Inequalities in Health 25, Saving Lives: Our Healthier Nation 29, The NHS Plan 28, 
the Cross-Cutting Review 26 and the Program for Action 27. When the United 
Kingdom held the European Union Presidency for the six months until the end of 
December 2005, the two health themes were health inequalities and patient 
safety. 
The Program for Action 27 states how the Government is determined to tackle 
inequalities to create a fairer and more just society that will allow all individuals 
and communities to fulfil their potential and benefit more equitably from public 
services investment. The report recognises health inequalities as being avoidable 
and unjust, being a consequence of differences in opportunity, in access to 
services, and material resources, as well as differences in the lifestyle choices of 
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individuals. Two national health inequalities targets have been set 21 to reduce 
health inequalities by 10% by 2010 as measured by infant mortality and life 
expectancy at birth 165 166. This was reaffirmed as a National Public Service 
Agreement (PSA) target during the 2004 Spending Review. 
In 2007, the Secretary of State for Health announced that the Department of 
Health will publish a comprehensive strategy for reducing health inequalities in 
2008 166 addressing: unjustified gaps in health status, fair access to NHS services 
for everyone; and good outcomes of care for all. Health inequalities have been 
made a priority for the NHS for 2008/ 09 as set out in the NHS Operating 
Framework, putting the issue, and the target, at the heart of NHS service 
planning and performance. Making health inequalities a key priority recognises 
the commitment that exists at local level to improving life expectancy in the areas 
with the worst health and deprivation. 
Equity 
Fairness in access to healthcare has been one of the founding principles of the UK 
National Health Service (NHS) since its inception in 1948. Inequity in access to 
care was assumed not to occur, as the service provided by the NHS to patients 
was free at the point of use, yet it is apparent that many inequities in the 
provision and use of health services in Britain exist. 
In his 2005 annual report 167, the Chief Medical Officer highlighted that despite 
the creation of the NHS, improvements in medical education, the evolution of the 
concept of evidence-based medicine, and ever increasing pressure on resources, 
inappropriate variation was found to be widespread and to occur in relation to 
an array of interventions. Echoing the words of a preceding CMO from over 80 
years ago, he stated that inappropriate variation runs contrary to the moral 
contract agreed in 1948 between the NHS and the public to provide care 
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equitably. All citizens have the right to expect the same high standard of care 
and the same level of access to treatment and services and commissioners of 
health services should reaffirm their commitment to the NHS principle of equity. 
NHS requires modernisation and change 
Whilst there remains strong support, from both government and the public, for a 
national health service that is free at the point of use and aims to provide equal 
access to the same standard of care for all, there is growing recognition that this 
founding NHS principle is under threat 168169167. There is growing awareness 
that some form of rationing is taking place in the NHS, which the overwhelming 
majority continue to oppose in principle. Regional variations, particularly that 
certain treatments are available in some parts of the country but not others, are 
seen as unfair. Surveys have found clear preferences against limiting treatment 
on the basis of age, cause of illness or ability to pay, with the majority preferring 
rationing decisions to be made by medical experts, solely on the basis of clinical 
need 161. 
In order to achieve the principle of equity in access to care, it is said that the NHS 
must adapt to a world where medical and other technological advances have 
revolutionised what a health system can offer, and where significant inequalities 
in health and health care still persist 169. As technology advances, the range of 
possible interventions continues to grow, and as there are finite resources 
available for the provision of healthcare, it is important that effective therapies to 
relieve significant conditions are adopted and ineffective interventions are 
abandoned. The CMO is supportive of the view that the NHS must adapt and 
change 167, highlighting that an equitable service cannot exist if provision is 
standardised across the country with one district hospital being a copy of 
another. Variety is essential to ensure fair access to care, and local planners must 
assess the health needs of their populations to ensure appropriate provision is in 
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place. Health needs will not be the same across different areas of the country 
and will vary according to the demographic characteristics of the area. 
In order to reduce inequalities in health we need to ensure equity in access to care 
The government recognises that to reduce inequalities in health and meet 
national targets for 2010, they must uphold the longstanding NHS principle of 
equity and ensure there is fairness in accessing healthcare. The Program for 
Action emphasises that if the national target is to be met service provision should 
be better matched to need, as the "one size fits all" NHS has not produced 
equitable health outcomes 27. Greater equity in the NHS is to be achieved 
through the introduction of NSFs to raise the quality of services, NICE to tackle 
postcode prescribing, the NHS Modernisation Agency to innovate and share 
good practice, and the establishment of the Commission for Health Care Audit 
and Inspection (CHAI) as an independent inspectorate for the NHS. 
To meet targets focus is on specific disease areas 
In order to meet the 2010 targets the government is focusing on a number of key 
interventions that will contribute to closing the life expectancy gap 27: 
- Reducing smoking in manual social groups through smoking cessation 
services and other tobacco control programmes 
- Preventing and managing other risks for coronary heart disease and cancer 
such as poor diet and obesity, physical inactivity and hypertension through 
effective primary care and public health interventions 
- Improving housing quality by tackling cold and dampness, and reducing 
accidents at home and on the road 
The government recognises that to reduce health inequalities and achieve targets 
they will need to improve the health of the poorest 30-40% of the population 
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where the greatest burden of disease exists. That is not to say that the focus is 
only on disadvantaged groups, rather that the intention is to improve the health 
of the poorest fastest. 
The problem here is that the government is focusing solely on achieving its 2010 
targets on reducing life expectancy in the most deprived areas. Hence to achieve 
these targets, they are focusing on health areas that have the greatest impact such 
as smoking cessation programs as described above. This is to the detriment of 
other important health areas such as joint replacement surgery. Hip and knee 
arthritis, although severely debilitating, is not life threatening. The intent of 
surgery is not to prevent death but rather to improve quality of life. Thus whilst 
tackling inequity in access to joint replacement is important, it will not help the 
government meet its national targets. 
Power is shifted to PCTs/local health planners who must ensure equity 
Whilst action will be taken nationally, the main contributions to reducing 
inequalities in health will be made locally. Local solutions will be required for 
local health inequality problems, and it will be up to local health care planners to 
identify what their problems are and how to deal with them. 
Power has now been shifted to PCTs so that services can be more responsive to 
the needs of their local communities. Local health organisations are to make 
tackling health inequalities a central part of achieving their nationally set targets 
and standards of care. They are required to identify geographical areas or 
groups that are not receiving treatment and care according to their need, such as 
for Coronary Artery Bypass Graft (CABG) referrals or statins prescribing. They 
must also focus on, and invest in, preventive measures in primary care as a way 
of reducing demand on services, such as waiting times for elective surgery. A 
better balance between need and provision and between prevention and 
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treatment will not only help meet the national health inequalities and other 
targets, such as those for cancer and CHD, it will also maximise the benefit of the 
additional resources invested in the NHS. 
PCTs are currently responsible for commissioning NHS services, such as from 
hospitals and general practices. They are charged with assessing the health 
needs of all the people in their local area, and ensuring the required services are 
available to, and can be accessed by, everyone who needs them. NHS hospitals 
are managed by NHS trusts, whose services are commissioned by the PCTs 15. 
Through the new GMS contract 15, there is a commitment to a new way of 
distributing resources to address inequities in primary care services, and the 
tracking of the distribution of GPs, which should lead to improved access for 
deprived communities. It has been emphasised that existing resources may need 
to be targeted more effectively within these (and other) health authorities on 
particular groups, and that addressing barriers to access to services will also be 
important 21. 
11.2. Discussion of main findings and results 
11.2.1. Inequalities in the provision of joint replacement 
How do these findings fit with the current evidence base 
Age 
In line with other studies we found that rates of both hip and knee replacement 





The finding that women receive greater provision of hip and knee replacement is 
also consistent with other studies 14 107 121 117 110 115 112 113 116 170. For hip 
replacement an interaction has previously been found between sex and rurality 
where in urban areas women receive higher rates of hip replacement than men, 
with the opposite seen in rural areas where men receive greater provision 109118. 
In our study we also found such an interaction, but this was different in that 
whilst the effect of gender (women receiving greater provision than men) was 
higher in urban than in rural areas, unlike the other study the gender effect was 
still present in rural areas with women receiving greater provision than men. For 
knee replacement previous research found an age-sex interaction where from age 
50-84 women receive more knee replacement than men, but then in those aged 
85+ there was no longer a gender difference 107 and men have slightly higher 
levels of provision 14. This is consistent with an interaction observed in our 
study. 
Deprivation 
Few studies have looked at the effect of socio-economic status (i. e. social class, 
deprivation, income, education) on provision of joint replacement. For hip 
replacement all studies have found that more affluent groups receive greater 
provision of surgery 14 117 120 171 170, which is consistent with our analysis. A 
recent study of primary hip replacement surgery in four Italian cities found the 
deprivation effect was greatest in the oldest age groups (75+) 171. In our analysis 
we also observed this interaction between deprivation and age. The Italian 
studies stratified analysis also found the deprivation effect in the oldest age 
group (75+) was stronger in women than men. We did not test for 3-way 
interactions in our analyses. A recent study using HES data 170 found that 
although evidence of a deprivation effect was apparent in both 1991 and 2001, 
inequalities had narrowed over time, with the proportionate increase in use in 
those in the least deprived areas falling from 41 % to 27% between 1991 and 2001. 
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For knee replacement there is just the one study 14 using English HES data, who 
found that adjusting for age and sex, those in the least deprived areas get greater 
provision. This is both consistent, and inconsistent, with our findings, even 
though the analysis was carried out on the same dataset. In our study, 
univariable analyses found those in the most deprived areas received greater 
provision of TKR. Adjusting for socio-demographic variables the association 
changed direction, with those in the least deprived areas receiving greater 
provision (consistent with Dixon et al who only adjusted for age and sex). 
However after further adjustment for hospital trust characteristics, and 
accounting for the hierarchical structure of the data, the association changed 
direction again, with those in the most deprived areas receiving greater 
provision. The inconsistency with Dixon's study can also be partly explained by 
an important interaction between deprivation and age. In those aged 50-69, 
people in the most deprived areas receive greater provision, whilst in those aged 
70+ those in the least deprived areas get greater provision. 
Rurality 
Previous research found rates of hip replacement are higher for people living in 
more rural areas 109118116. This is consistent with our study, although the effect is 
strongly attenuated after adjustment for socio-demographic variables and 
hospital trust characteristics. No studies have looked at the effect of rurality on 
knee replacement. In our study we found no association between rurality and 
provision of knee replacement. 
Ethnicity 
US studies have found White Americans are more likely to receive hip 
replacement 117 116 119 110 111. We could not use information on individual 
level 
ethnicity in our study, and instead had to derive an ecological variable of the 
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ethnic mix of the area. We found that people living in areas of mixed ethnicity 
received less provision of hip replacement than people living in White areas, 
which ties in with the US studies. The effect of knee replacement is less clear, 
with studies finding White men receive more operations than African American 
men, with this disparity being smaller in women 121122. In our study we found 
those living in Non-white areas receive less provision than those in White areas. 
We also found an interaction between gender and ethnicity, where women living 
in Non-White areas receive lower provision than women living in White areas, 
yet men living in Non-White areas receive greater provision than men living in 
White areas. This is not consistent with the US studies. A US study also found 
an interaction between ethnicity, income and gender, where the difference 
between White and Black men is smaller in regions with higher incomes. 
Hispanic women in high-income areas receive higher rates of arthroplasty than 
non-Hispanic, but the opposite is seen in lower income areas 122. 
Geography 
Several studies have found that overall rates of hip and knee replacement vary 
geographically 107 117 120 119 121123 114 115 113 172, consistent with our research. One 
US study found that the effect of ethnicity varied by gender and region 122, where 
for women, rates were significantly lower for black women than for white 
women in half of the Hospital Referral Regions, 7 regions had rates that were 
equal or higher for black women than for white women, and 8 had rates that 
were lower. No such regional variation was observed for men where White men 
all had higher rates than Black men. 
Hospital trust characteristics 
An ecological study in 49 counties of Ontario found that the availability of 
orthopaedic surgeons per 100,000 population was not associated with knee 
utilization rates 123. The number of rheumatologists and physical medicine 
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specialists was associated with reduced knee utilization rates. In our study we 
found good evidence higher numbers of T&O consultants increased rates of 
provision of knee replacement. The Ontario study found a negative correlation 
but this was not significant. The difference could be explained by the Ontario 
study being an ecological study. Dixon et al recently looked at whether regional 
variation in rates of hip and knee replacement was explained by the number of 
centres offering the procedure. There was evidence higher numbers of centres 
offering joint replacement reduced utilization of hip (P = 0.073) and knee (P = 
0.017) replacement 172. This is inconsistent with our findings, where we found 
that higher volumes of surgery were associated with increased levels of 
provision of both hip and knee replacement. 
What does this study add to the existing evidence base 
In the systematic review (Chapter 3) we outlined the limitations of existing 
research examining inequalities in the provision of joint replacement surgery. 
Firstly, the majority of studies include all joint operations and have different 
inclusion criteria. In our study a number of exclusions were made, in an attempt 
to remove potential case mix issues from the sample, such as operations being 
performed for bone cancer, trauma, fracture, emergency admissions, and 
revisions. Such people are clearly different to those receiving planned elective 
surgery. Secondly, a lot of previous studies focus on just one socio-demographic 
domain alone, such as age, ignoring the effect of others. In our study we 
consider the effect of all socio-demographic variables together as part of a 
multivariable analysis to examine the impact of confounding and effect 
modification on joint replacement rates. Third, the statistical methods used in a 
number of studies are weak. We used Multilevel Poisson regression models as 
an appropriate statistical method to estimates rates of provision of joint 
replacement, that allow for the hierarchical structure of the data. Geographical 
variation in provision rates has been examined, and analyses adjusted for 
clustering across both wards and districts. Failure to account for clustering in the 
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data can lead to overly precise estimates and be a source of bias. Fourthly, of 
those studies that explore several socio-demographic domains, many only report 
the results relevant to their variable of interest such as race whilst others go 
unreported. We present both crude and adjusted rates for all variables 
considered in the models, along with exploration of important interactions. 
Fifth, only one study has attempted to look at whether the effect of a variable, in 
this case ethnicity, varies geographically 122. We have explored whether the 
effect of all socio-demographic variables in the model vary across districts, and 
where evidence is found that they do, present estimated rate ratios in each 
district. Finally, no other studies have attempted to fully explore whether 
hospital trust characteristics can explain any of the variation in rates of provision, 
with the exception a few studies looking at simple correlations between area 
characteristics and utilisation rates. We have formally incorporated hospital 
trust characteristics and distance measures into the Multilevel regression model 
by using GIS methods, allowing us to see how they affect rates of provision, and 
whether they confound the associations seen with socio-demographic variables. 
What are the limitations of this study 
A limitation of using HES data is that private operations are not included. Of the 
number of total joint replacements recorded in 2006/07,66% were conducted in 
NHS hospitals and 23% in independent hospitals, 6% in NHS Treatment Centres 
and 5% in Independent Treatment Centres (National Joint Registry, 2007)1. If 
more affluent people use the private sector for joint replacement surgery, the 
deprivation effect we observed may be under-estimated and likely to be worse 
with greater inequality for those in the least deprived areas. 
Another limitation is the lack of individual level data other than age and sex. 
Information on individual level social class, or risk factors such as BMI, are not 
available in HES, with ethnicity being poorly recorded. Instead we have used 
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ecological variables, such as the IMD 2004 deprivation index and the ethnic mix 
of the area. Ecological bias could therefore be an explanation for our findings, if 
the association observed at an ecological level is not the same as that observed at 
the individual level. Others have also raised the issue over the completeness and 
accuracy of data that was collected for administrative rather than research 
purposes, and importantly it may contain incomplete or inaccurate diagnostic 
and operation coding 120109. 
A strength of our study is that we have explored whether hospital trust 
characteristics explain any of the variation in provision rates. Whilst hospital 
characteristics directly affect levels of provision of joint replacement, there are 
other factors earlier in the pathway to accessing care that may affect access to 
care. Our analysis is only on people who have received an operation. Access to 
care may be influenced by physician bias, or other characteristics of general 
practitioners who act as the gateway to accessing surgery. Other factors include 
willingness of patients to seek surgery, and their level of need for surgery. 
Patient co-morbidity is also a consideration, as those with multiple problems 
may not be suitable candidates for surgery, or be unwilling to seek care as they 
focus on other problems instead. This is not possible to capture using data on 
provision only as we do not know which groups of patients have sought or been 
denied access to care. Given the improvement in surgical and anaesthetic 
techniques co-morbidity should be less of a barrier to accessing care than it was 
in the past. 
A limitation of all studies, including ours, is that they only look for evidence of 
inequalities in the provision of joint replacement. They need to consider whether 
provision of healthcare matches need across these different socio-demographic 
groups in order to determine whether it is equitable. Equality in the provision of 
joint replacement between different groups of patients does not mean the 
healthcare system is free from bias, if one group actually needs twice as many 
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operations as the other but only gets the same level of provision. We have gone 
on to address this limitation by generating estimates of need for joint 
replacement surgery, and then relating them to estimates of provision to 
determine whether there is equity in access to care. 
11.2.2. Inequalities in the need for joint replacement 
Consistency of results for analyses of need between SASH and ELSA 
Age 
In SASH there was some evidence that need for hip replacement increased with 
age up to age 80-84, before falling in those aged 85+, whereas in ELSA a linear 
relationship was observed with need simply increasing with age. There is no 
clinical reason why need for hip replacement surgery should suddenly fall in the 
oldest age groups, as suggested by the SASH study, although fitting age as a 
score in the adjusted SASH model provides weak evidence of a linear trend (P = 
0.059). It is unlikely that the prevalence of osteoarthritis, hip pain and disability 
suddenly declines in this age group. The SASH analysis is not adjusted for 
willingness or fitness for surgery, so willingness and co-morbidities cannot 
explain the result. It is most likely that the SASH study is underpowered to 
detect a difference in the oldest age group (85+), as due to the sampling strategy, 
there are very few people in this age group (see table 8.2 in chapter 8). For knee 
replacement, the results of both SASH and ELSA analyses are consistent with 
need increasing with age. 
Sex 
Both SASH and ELSA analyses provide good evidence that the need for hip and 




Using the IMD score, there is no evidence deprivation is associated with need for 
hip replacement in SASH, although there was some evidence people living in the 
most deprived areas had greater need of knee replacement. This is inconsistent 
with the ELSA study, which found strong evidence that need for both hip, and 
knee replacement was associated with deprivation. A possible explanation is 
that the IMD score is based on data from the 2001 census, whereas the SASH 
study was conducted in the early 1990's. Hence it may be the case that the 
deprivation profile of areas has changed over time to some extent. This 
assumption is not unreasonable given the regeneration of previously deprived 
areas, and the influx of people choosing to live in up-and-coming areas. We 
therefore repeated the analysis using the Townsend Deprivation Index based on 
the 1991 census, which is more reflective of areas people lived in at the time 
SASH was conducted. Whilst the deprivation effect was stronger using the 
Townsend Index, the conclusions remain unchanged. A second explanation is 
the type of people that took part in the SASH study. The sample tends to consist 
of people of higher social class, the majority of whom class their ethnicity as 
White. The ecological data suggests that most people live in the better off (less 
deprived areas). The SASH sample is therefore not a reflection of people in the 
general population, and as most participants are White and better off, the 
deprivation effect is weak or not seen at all. The ELSA study on the other hand is 
representative of people in the general population. A third reason, is that the 
SASH study is conducted in one part of the country (Avon and Somerset) 
whereas the ELSA sample is representative of people across the whole of 
England. The effect of deprivation in the Somerset and Avon area may be weak 
or not exist, but when you look at the effect of deprivation in the country as a 
whole using ELSA, there is actually strong evidence. 
312 
Discussion 
Rurality & Ethnic mix of the area 
There was no effect of rurality or ethnic mix of the area on need for hip or knee 
replacement in SASH. The ELSA study also found no effect of ethnic mix of the 
area, but there was some evidence need for knee replacement was greater in 
Town & Fringe areas. This discrepancy may again be a reflection that SASH was 
conducted in one area of the country whilst ELSA is sampled from the whole of 
England. Another explanation is that the rurality variable used for the analysis is 
a recent version taken from the ONS website, and may not reflect the rurality of 
areas at the time the SASH study was conducted. 
Strengths and limitations of using SASH and ELSA datasets 
There are benefits both for and against using the ELSA and SASH studies to 
estimate need for hip and knee joint replacement. The strength of the SASH 
study is that it was designed specifically to estimate need for joint replacement, 
with a detailed clinical examination carried out to identify those in need. Need is 
assessed for both right and left hips separately, and if a person has had a 
previous operation on that joint they are excluded from the estimate of need. A 
major limitation is that due to the multistage sampling strategy used (see figure 
5.2 chapter 5), and the way data has been collected in stages, there is no 
denominator for the calculation of rates. Sampling fractions had to be used to 
estimate a denominator. This is not helped by the small SASH sample size which 
is likely underpowered to estimate need by so many socio-demographic strata. 
Use of sampling fractions and small sample size meant it was only possible to 
estimate need according to a few socio-demographic domains, and data on 
individual social class and ethnicity could not be included. SASH participants 
are also not representative of the general population (being largely better off and 
White), and the study is in one small area of England, so the results may not be 
generalisable to the general population. 
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The ELSA study also has limitations. ELSA was not designed to estimate need 
for joint replacement. As self-reported questions contain information on the 
severity of hip and knee pain and activities of daily living, it was possible to 
assign people a proxy New Zealand score and classify people as in need of 
surgery, but there was no use of x-rays or a detailed clinical assessment. It was 
not possible to estimate side-specific New Zealand scores to right and left hips 
and knees, as this information is not available. Nor can we restrict the estimate 
of need to be for primary operations only. Although there is information on 
previous operations for those aged over 60, we do not know which side the 
operation relates to, so for example if the operation was on the left hip, they may 
still be in need of an operation on the right hip. The benefit of using ELSA is that 
it is a large nationally representative sample, with a known denominator for the 
calculation of rates, and both individual and ecological socio-demographic 
variables can be included in the analysis. 
Both studies are limited in using a threshold to classify whether people are in 
need of joint replacement surgery, but this can be overcome using sensitivity 
analyses. Using different choices of threshold, if the observed associations 
remain, we can be confident in the overall conclusions. 
How do these findings fit with the current evidence base 
Age 
All studies found that need for hip and knee joint replacement increased with 
age 126 63 87 18 64 128, which is consistent with results from our analysis of ELSA 
data. The earlier SASH study did not present prevalence of need for hip 
replacement by age 58. A different study estimating need for TJR using ELSA 
data found need was greater in those aged 75+ vs. 60-74, but this was attenuated 




Previous research has consistently demonstrated need for hip and knee 
replacement is greater in women than in men 126 63 87 58 18 64 173. Our study 
supports this finding. The Canadian study observed an interaction between 
gender and SES where there were no differences between men and women with 
low SES, but in people with high SES, women had greater need than men 127. No 
such interaction was observed for our data. 
Deprivation 
The Wiltshire & Sheffield studies found that poor people were more likely to be 
in need of joint replacement 1864. The Canadian study found need for 
arthroplasty was associated with less education and lower income 127. Our study 
also found need was greater in more deprived areas and in people of lower social 
class. Another study using ELSA data to estimate need for joint replacement 
found those with worse education had greater need with weak evidence those in 
lower social classes have greater need, but these effects were attenuated after 
excluding those with co-morbidities 173. Areas with the lowest wealth also had 
greatest need, which remained when excluding co-morbidities. 
Rurality 
The Wiltshire & Sheffield studies found no effect of rurality 18 64. Whilst this is 
consistent with our finding for hip replacement, for knee we found some 
evidence of need being greater for people living in Town & Fringe areas. 
Ethnicity 
Whilst there are no studies estimating the need for joint replacement in different 
ethnic groups, a population based survey was carried out by Ang et al 174 on 
elderly male veterans, looking at White or African-American patients with 
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moderate to severe hip/knee pain. After controlling for important covariates 
(age, education, income, employment, marital status, BMI, Lequesne severity 
index, GDS, Charlson co-morbidity index, and radiographic variables), ethnicity 
was not a significant predictor of WOMAC pain or function. This is consistent 
with our findings where after adjustment for other variables, individual ethnic 
group is not associated with need for either hip or knee replacement surgery. 
Geography 
The other ELSA study found some evidence need for joint replacement was 
greater in the North than in the South of England 173. As all other studies were 
conducted in geographically small areas they could not explore whether need 
varied geographically. The Wiltshire and Sheffield studies did find that overall 
levels of need for knee replacement were greater in Sheffield than in Wiltshire (P 
= 0.02), and also for hip replacement (P = 0.06). The Ontario study found that 
need was greater in the high utilization area than the low utilization area, even in 
those who were willing and suitable clinical candidates. In our study, after 
considering the hierarchical structure of the data, and considering all important 
socio-demographic variables and risk factors, we found no evidence of 
geographical variation in rates of need above that explained by the variables in 
the model. This suggests that although the overall rate of need may vary across 
districts, it is explained by the socio-demographic characteristics of those areas. 
What does this study add to the existing evidence base 
The limitations of studies exploring inequalities in the need for joint replacement 
have already been described in Chapter 3. Firstly, the majority of previous 
studies are conducted in geographically small areas and estimates of need may 
vary geographically. By using a nationally representative dataset, we have been 
able to investigate whether need varies geographically. Secondly, small area 
estimates of need are required by healthcare planners to ensure adequate levels 
316 
Discussion 
of provision are provided. Due to the size of prior studies, including ELSA, only 
overall estimates of need are given for a particular study area i. e. the overall rate 
of need in Avon & Somerset. Rates of need will vary according to the socio- 
demographic characteristics of the area. So we have combined estimates of need 
from the ELSA study with population counts from the 2001 census to create 
small area estimates of need. This is the first time such estimates have been 
produced for joint replacement. Third, studies exclude people from the estimate 
of need with co-morbidities that may make them unfit for surgery. However due 
to improvements in surgical and modern anaesthetic techniques more people 
may now be eligible for surgery such that these prevalence estimates may be 
underestimated. As older people in deprived areas are likely to have more co- 
morbidities that may make them appear to be less suitable candidates for 
surgery, excluding them from the estimate of need could attenuate the extent of 
inequalities in need, as demonstrated by the other ELSA study 173. We have 
included all people in the estimate of need to measure the overall burden of hip 
and knee disease requiring surgery. Regardless of whether these people are 
suitable clinical candidates, or willing to have surgery if offered, it is important 
to measure the overall extent to which inequalities exist. Only when comparing 
estimates of need with data on provision can we attempt to understand whether 
factors such as co-morbidity or willingness explain any observed inequity in 
access to care. Finally, a limitation of existing research is that studies only look at 
a few socio-demographic domains, such as age and sex. Even those that do 
adjust for many domains still focus on the effect of one characteristic such as sex 
135. We use multivariable regression analyses to simultaneously looked at the 
effects of a range of individual and ecological variables on need for hip and knee 
replacement, which allows assessment of confounding and effect modification. 
This is also the first study in England to look at whether need for joint 
replacement varies by ethnic group. 
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What are the limitations of this study 
Whilst ELSA is a nationally representative population based sample that can be 
used to estimate need for joint replacement, it is limited in its size, in that 
estimates of need can only be produced by various socio-demographic groups 
for the whole of England. However as we demonstrate, methods are available to 
overcome this limitation, and by combining rates of need from ELSA with 
population counts from the 2001 census we have been able to generate small area 
district level estimates of need that can be used by healthcare planners. A 
limitation of our analysis, and the other studies, is the different methods used to 
assess the severity of joint disease, such as the WOMAC score 131, New Zealand 
Score 130 or Lequesne Index 129. Authors will then derive an arbitrary 'cut-off' 
based on these measures to determine whether patients require joint 
replacement. Clearly different choices of cut-off will lead to different estimates 
of need for surgery, but sensitivity analyses can be used, repeating the analysis 
with different choices of cut-off to see if patterns of inequality remain 
unchanged. There appears to be a general lack of consensus about which 
indicator or threshold of disease severity to use 175, and until this is resolved, it 
will remain a limitation for all future studies. 
Our analysis is also limited in that ELSA was not designed to estimate need for 
joint replacement. As self-reported questions contain information on the severity 
of hip and knee pain and activities of daily living, it was possible to assign 
people a New Zealand score and classify people as in need of surgery, but there 
was no use of x-rays or a detailed clinical assessment. It was not possible to 
estimate side-specific New Zealand scores to right and left hips and knees, as this 
information is not available. Nor can we restrict the estimate of need to be for 
primary operations only. Although there is information on previous operations 
for those aged over 60, we do not know which side the operation relates to, so for 
example if the operation was on the left hip, they may still be in need of an 
operation on the right hip. A further limitation is that when we later compare 
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our estimates of need, to provision of surgery, to determine whether inequity 
exists, we cannot adjust our analyses for willingness or fitness for surgery. 
Whilst we have no information on willingness, it is unclear what conditions 
patients should have to make them unsuitable candidates for surgery, given 
improvements in modern anaesthesia and surgical techniques. Hence we cannot 
say if willingness or fitness for surgery are potential causal factors to explain 
why inequity exists. A final limitation is the future reproducibility of the ELSA 
study. ELSA is a population-based study conducted at a single point in time that 
can be used to estimate need for joint replacement surgery. However when 
monitoring inequity in access to care, we would want to reproduce the analyses 
in the future, to see if any interventions to tackle inequities have been successful. 
As ELSA is not going to be reproduced this is not possible, but as the study is 
based on people from the Health Survey for England (a survey that is carried out 
annually), one option may be to include additional questions in the HSE to 
estimate severity of hip and knee disease through either the NZ score or 
WOMAC. Then we could monitor equity in the future. As the population ages, 
and the demographic structure of the population changes, future estimates of 
need for joint replacement will likely be required. 
11.2.3. Equity in access to joint replacement surgery 
How do these findings fit with the current evidence base 
As described in chapter 3, previous research exploring equity in access to joint 
replacement has either: (1) followed up a cohort of people in need of joint 
replacement to see if there are differences between groups that receive provision, 
or (2) identify a cohort of patients and see who gets provision of surgery, 
adjusting for severity of disease. Unlike others, this is the first study of its kind 
to formally combine small areas estimates of need and provision to determine 
whether there is equity in access to care. 
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Since the systematic review was conducted, two further studies have been 
published exploring equity in access to care for joint replacement, and we have 
therefore included them in a discussion of how the results of our study fit into 
the existing evidence base. A follow up study of the Ontario cohort has looked at 
predictors of receipt of TJA 176. Those with hip/knee pain and difficulties with 
ADL were selected to assess the severity of disease using the WOMAC score 
(phase II). They were then followed up for 5-years. This is not a follow-up of 
people considered as in need of joint replacement though, rather those with 
disabling hip/knee disease. Predisposing factors considered were sex, age, 
education, BMI, race, farming status, employment status, and willingness to 
consider TJA; enabling factors were region, income, living alone, consulting a 
physician for arthritis in prior year; and need factors were WOMAC scores, co- 
morbidity, and type of arthritis. The limitation of this study is that the estimate 
of need includes those with mild disease who may not require joint replacement, 
but analyses are adjusted for disease severity. The findings of this study have 
been adjusted for willingness to consider TJA and co-morbidity, hence evidence 
of remaining inequities must be due to other factors. 
A separate study by Steel et al has used the ELSA dataset to estimate both the 
need for and provision of joint replacement 173. All analyses are on those aged 60 
years or over, as data on provision was only available for these groups. Data on 
provision includes private operations, as this is a self-reported population based 
survey. The authors classified need as those troubled often by pain, with pain in 
the knee or hip when walking on the flat rated as 5 or more on a scale of 0-10, 
plus some or much difficulty or inability to walk a quarter of a mile. Those with 
a previous joint replacement are excluded from the estimate of need. Joint 
replacement operations due to fracture are excluded. Variables included in the 
model were: age, sex, smoking status, education, occupational class, obesity, total 
wealth and geographic region. A sensitivity analysis was conducted repeating 
the analyses excluding from the classification of need those with the following 
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possible contraindications to surgery: heart attack, stroke, chronic lung disease or 
cancer, and difficulty walking a quarter of a mile caused by either chest pain or 
shortness of breath, and intermittent claudication. There are several limitations 
to this study: the authors have combined estimates of need and provision of hip 
and knee replacement together, as joint replacement; estimates of need are just 
visually compared to estimates of provision to see if inequity exists, rather than 
combining the data in one statistical model; people aged under 60 have been 
excluded; broad age categories have not been used; they have not looked at 
ethnicity; and the estimate of need has not used information on activities of daily 
living. 
Age 
The North Yorkshire 63126 and Wiltshire & Sheffield 18 64 studies both found older 
people had much greater need for hip and knee replacement, but those in need 
were a great deal less likely to be receiving care (defined as under the care of a 
GP, hospital consultant, or on a hospital waiting list) than younger people. 
Follow up of the Ontario cohort found a nonlinear relationship between age and 
time to TJA 176, after adjusting for other variables and willingness for surgery. 
Compared with individuals in the lowest age quintile (<_ 62 years), those in the 
middle 3 quintiles (ages 63-81 years) were more likely, and those in the highest 
quintile for age (z 82 years) less likely, to undergo a TJA during the follow up 
period. 
The findings of our study are consistent with these other studies. For both hip 
and knee replacement, we found that compared with people aged 50-59, those 
aged 60-79 receiving greater provision to need, and those aged 80+ receive less 
provision to need. This ties in with the Canadian study. 
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Findings from the recent other ELSA study 173 are inconsistent with existing 
research. People aged 60-74 and 75+ had equal need for joint replacement, but 
those in the older age group got greater provision, suggesting inequity favouring 
the older age groups. The reason for this discrepancy may be due to: the broad 
age categories used; combining hips and knees together; or that it is just a visual 
comparison of need to provision. 
Sex 
The Wiltshire and Sheffield studies 18 64 found women were twice as likely to 
need joint replacement, but equally likely to be receiving care. The Canadian 
study 135 found that among those with a potential need for arthroplasty, women 
were less likely ever to have discussed arthroplasty with any physician, and 
specifically with an orthopaedic surgeon. However the 5-year follow up of the 
Canadian cohort 176 found that sex was not associated with time to TKA in either 
crude analysis or analyses adjusted for willingness. The reason for the 
discrepancy in the Canadian studies may be that the earlier analysis did not 
adjust for other socio-demographic factors, and included people definitely in 
need of joint replacement, rather than people with hip and knee disease who 
may not require surgery. In the other ELSA study, women had greater need 
than men, but were equally likely to receive provision 173. Our study is 
consistent with the other studies finding evidence of inequity favouring men, 
who receive greater provision relative to need. 
Deprivation 
The majority of studies have found evidence of inequity favouring those in the 
least deprived areas. Chaturvedi & Ben-Shlomo found GP consultations for 
osteoarthritis was higher in the lower social classes, with hip operations more 
commonly performed in those living in affluent areas 60. The Wiltshire and 
Sheffield studies 18 64 found deprived people were more likely to need joint 
322 
Discussion 
replacement, however they were less likely to be receiving appropriate services. 
The other ELSA study found need was greater in those with no education, lower 
social classes, and those living in lowest areas of wealth, but they were equally 
likely to receive provision 173. Follow up of the Canadian cohort 176 found neither 
education nor income was not associated with time to TKA (adjusting for 
arthritis severity, general health status, other socio-demographic variables, and 
willingness). However excluding willingness from the model, better education 
was a strong predictor of time to TKA. There was also weak evidence of an effect 
in the highest income group on univariable analysis. In our study, for both hip 
and knee replacement the results of our simple fixed effects regression analyses 
were consistent as we found those living in the more deprived areas received less 
provision relative to their need than those in the least deprived areas. However, 
controlling for evidence of clustering across districts modified the deprivation 
effect in our study. For hip replacement those in the most deprived areas still 
received less provision to need, but the effect was attenuated, whilst for knee 
replacement the association changed direction such that those in the most 
deprived areas now get greater provision to need. 
Rurality 
In the Wiltshire and Sheffield studies, people in rural areas had similar needs to 
those in other areas and were equally likely to be receiving care 18 64. This is 
consistent with our analysis of knee replacement, but for hips we found that 
those living in urban areas receive less provision relative to need compared with 
those in more rural areas. This may be due to the Wiltshire and Sheffield study 
being conducted in one small area of the country. 
Ethnicity 
Studies have found no evidence of inequity in access to joint replacement by race 
once patients are seen in primary or secondary care. Lopez et al found that for 
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patients seen in a primary care centre in Cleveland, after multivariable 
adjustment for age, income, education, co-morbidity and disease severity, the 
proportions of patients who received specialist referrals for osteoarthritis 
treatment were similar for African American and White patients 136. Suarez- 
Almazor et al looked at patients with health insurance attending a multi-clinic 
institution in Texas, and also found that after adjusting for age, sex, education, 
perceptions of risk of surgery and disease severity, there were no differences in 
physician recommendation for TKR across ethnic groups 137. 
Some population-based studies have found evidence of inequity. Blake et al 
contacted a sample of patients in the general population with hip or knee pain 
that interfered with their ability to walk or stand 138. They found that similar 
numbers of Black and White patients reported seeing a doctor, and similar 
numbers reported seeking care from a primary care doctor, but more Whites 
reported seeing an orthopaedic surgeon compared to Blacks. Jones et al 
identified a group of Male VA outpatients with OA 177. To improve diagnostic 
accuracy this was restricted to a subset of patients who had also been referred to 
rheumatology or orthopaedic clinics for specialty care. These patients were then 
followed up for 2-years to see if they got a TKA. After adjusting for age, sex, and 
number of co-morbidities, significant race differences were found in both the 
general OA cohort and the sub cohort. African American patients were 
significantly less likely than white patients to have received TKA within 2 years. 
The follow up of the Canadian cohort 176 is inconsistent with these results as they 
found race was not associated with time to TKA in either crude or adjusted 
analyses. This may be due to the Canadian study having a predominantly White 
sample (96.1 %) and not having enough numbers in the Non-white group to 
detect a difference. 
Our findings are consistent with the Canadian study in that ethnic mix of the 
area was not associated with equity in access to hip or knee replacement. This 
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may be due to differences between countries, or that where other studies have 
used individual level ethnicity, our study had to use an ecological variable, hence 
the ecological fallacy could explain the discrepancy with US studies. 
Geography 
The Canadian studies provide us with some evidence as to whether there is 
geographical variation in equity in access to joint replacement. An earlier study 
found that need was greater in the high utilization area than the low utilization 
area, even in those who were willing and suitable clinical candidates 127. This 
suggests that areas with higher utilization rates are explained by a higher overall 
burden of need. The follow up study of the Ontario cohort found 176 among 
those with similar need and willingness, there was no difference in time to 
undergo a TJR by region, even though the 2 regions have high and low rates of 
utilization. The authors suggest that regional variations in TJA rates are 
explained, in part, by regional differences in the prevalence of severe arthritis 
and preferences for care. In our analysis we found evidence of geographical 
variation in equity in access to care, over and above that explained by the socio- 
demographic, hospital trust and distance variables in our regression model. The 
difference with the Canadian study is likely due to the fact it was only based in 2 
regions so geographical variation could not be fully explored. 
Hospital trust characteristics 
Only one other study has looked at whether hospital trust characteristics explain 
variation in rates of joint replacement surgery, adjusting for need. Wright et al 
conducted an ecological study in 49 counties in Ontario looking at the association 
between knee utilization rates and various county characteristics 139, adjusting for 
county level severity of knee disease using the WOMAC score. They found that 
the following factors were associated with higher utilization rates: % of beds that 
are teaching hospitals, % of non-North American-trained physicians, % of male 
physicians, better perceptions of outcomes of surgery (surgeon), higher 
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propensity to operate (surgeon). Looking at the specific surgeon characteristics 
that explain this association, they found that surgeon characteristics were not 
associated with propensity to operate, but % of female surgeons and year of 
graduation had positive association with opinions of outcomes. The physician 
characteristics (% of non-North American-and male physicians) were not related 
to their propensity to refer or opinions of outcomes. Of these characteristics only 
surgeons' opinions and enthusiasm is modifiable to change. 
For knee replacement, our finding that hospitals with Orthopaedic training 
centre status have increased provision relative to need, is consistent with the 
Canadian studies finding that a higher proportion of teaching hospitals have 
increased utilization, adjusting for need. The other hospital trust characteristics 
explored in our study were different to those looked at by Wright et al. 
What does this study add to the existing evidence base 
A limitation of existing studies is the methodology they have used to explore 
equity in access to care. The majority of studies are cross-sectional, identifying a 
group of people in either: the general population, primary care, secondary care, 
or on a waiting list for surgery. They then look to see if they receive provision of 
some form, having adjusted for severity of hip or knee disease. Better quality 
studies identify a cohort of people in need, then follow them up over a period of 
time to see if there are socio-demographic differences in who gets provision of 
surgery. Our study is the first of its kind to combine data on both need and 
provision to explore equity in access to joint replacement surgery in a single 
statistical regression model. A second limitation of previous studies is that they 
are limited to geographically small areas of the country. So it is unclear if there is 
geographical variation in equity in access to care. Our study has addressed this 
limitation by using small area data on both need and provision in the equity 
regression model, allowing us to explore whether the effect of inequity varies 
326 
Discussion 
across different areas of England. A third limitation, is that although some 
studies have looked at several socio-demographic variables they only report 
evidence of inequity by one variable such as gender or race rather than 
considering them all. We use multivariable regression analyses to look at the 
effect of all variables on equity in access to care, considering the effects of 
confounding and effect modification. Fourth, other studies have not attempted 
to identify factors that may explain why equity in access to care occurs. Hospital 
trusts characteristics such as the numbers of beds and surgeons are potentially 
modifiable factors to tackle any observed inequities in access to care. Other than 
an ecological study in Ontario, this is the first study to explore whether hospital 
trust characteristics may explain why inequity in access to joint replacement 
exists. 
What are the limitations of this study 
The limitations of using ELSA to estimate the need for joint replacement, and 
HES to estimate provision, have already been discussed. A limitation of this 
equity analysis is in trying to identify where in the pathway to accessing care 
inequity occurs, as our data on need is at the bottom of the clinical iceberg, and 
provision is the operation. It could be due to some groups choosing not to see a 
GP, the GP not referring certain groups, or an Orthopaedic surgeon restricting 
access to some patients. To answer this question would require further data 
identifying a group of people in need of joint replacement in general practice, but 
as described in Chapter 4, obtaining such data is problematic. A strength of our 
study, is that we have explored whether the cause of inequity is due to hospital 
trust characteristics at the secondary care level. As such factors do not explain 
why inequity occurs the problem is more likely to lie earlier in the care pathway. 
The other main limitation was the computational difficulties in generating the 
small area estimates of need and provision for the equity model. Once these 
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estimates had been generated, the equity regression models can only be run 
using the Bayesian software package WinBUGS, and the model building and 
fitting process was very time consuming compared to other more conventional 
statistical packages. However with the introduction of the Universities Babyblue 
Crystal high powered computer cluster, with free access to all departments, 
future work should be a lot quicker and easier to reproduce once the appropriate 
software has been installed. 
11.3. Where in the care pathway do barriers to accessing care occur 
Barriers to joint replacement surgery may occur at any point in the pathway to 
accessing care. At the bottom of the clinical iceberg are those in need. Of these 
people only some will seek help from a doctor for their joint pain and disability. 
The GP is the gatekeeper to accessing medical care. Of those who see a GP, only 
some will be referred to an orthopaedic consultant. Once people have seen a 
consultant, not all of them will be placed on the waiting list for surgery. Even 
once on the waiting list, some receive an operation quicker than others. Below 
we describe some of the evidence suggesting where barriers may occur: 
11.3.1. Patient 
Quantitative work 
A number of studies estimating the population requirement for joint 
replacement, have found that some of the people they identified as being in need 
of joint replacement, that were suitable candidates for surgery, would be 
unwilling to want or seek access to the operation 128 178 87 58 Patients preferences 
and/or willingness for surgery appear to influence the decision making process 
of whether to have a joint replacement operation. 
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In the SASH study, they found that people in need of, and medically fit for 
surgery, would be unwilling to undergo a joint replacement 87 58. A third would 
not accept knee replacement if offered 58. Willingness for knee surgery was 
found to vary by age and sex. Younger people and males were more willing to 
have surgery 58. 
Analysis of the study in Ontario, Canada, identified people in need of joint 
replacement, with no contraindications for surgery (perfect clinical candidates) 
128. Willingness interviews were conducted in a sample of 456 individuals in 
need of arthroplasty, who had not undergone prior surgery, nor were on a 
waiting list (211 low rate region, 245 high rate). Only one-third were "definitely 
or probably willing" to consider this procedure as a treatment option. In the 
areas of low and high utilization of joint replacement surgery, only 8.5% and 
14.9%, respectively, were "definitely willing" to have arthroplasty. Using 
multivariable logistic regression analysis definite willingness to undergo 
arthroplasty was associated with younger age and having ever spoken with a 
physician about having arthroplasty, but not with area, sex, race, familiarity with 
someone who has undergone arthroplasty, or disease severity as measured by 
the WOMAC summary scores. Both potential need for and willingness to have 
arthroplasty were higher in the high-rate area, suggesting area variation in 
arthroplasty rates appropriately reflects patient-related demand factors. 
Willingness to have a procedure may vary on a regional basis and may be an 
important explanation for area variation. 
A further study of the Ontario cohort was then conducted, this time exploring 
the effects of income and education on 'definite' willingness for surgery 127. 
Younger age is associated with willingness for arthroplasty. Having spoken with 
a physician and having arthroplasty increased the odds of willingness for 
surgery. Sex and education was not associated with willingness. There was 
329 
Discussion 
weak evidence those with low income (< $20,000) were less willing than those in 
the highest income group (P = 0.08). 
In response to these initial findings a more detailed assessment was conducted 
on the Ontario cohort, to identify factors associated with willingness for surgery 
179. The study was conducted on Oxford County residents in the high utilization 
area only. Of the 379 participants, 127 (33.5%) were probably or definitely 
willing to consider TJR. For perceptions around the decision itself, younger age, 
greater perceived arthritis severity, fewer co-morbidities, perceiving TJA to be 
appropriate or walking limited to <1 city block, and that the potential risk of 
revision surgery is acceptable, were independent predictors of willingness. For 
perceptions of others, participants who reported that friends were an important 
health information source, had spoken with a physician about TJR, or have 
family/friends recommend surgery, were also significantly more likely to be 
willing to consider TJA as a treatment option. Personal or external resources 
were not found to be significantly associated with willingness (sex, education, 
income, WOMAC scores). Further findings were that the majority of participants 
felt arthritis pain and disability should be extreme before TJA should be 
considered 179and that surgery was appropriate only in the setting of otherwise 
good health. The authors state that this is contrary to published guidelines for 
the management of hip or knee arthritis. Individuals who held these 
misperceptions about when, and in whom, TJA should be performed were more 
likely to be unwilling to consider surgery. The authors recommend that 
interventions targeted to the general population and at primary care physicians, 
rather than only at individuals actively considering this surgery, are needed to 
address these misperceptions, and thereby reduce the population impact of 
disabling hip or knee arthritis. 
People in the Ontario cohort, with hip or knee complaints, were followed up for 
5-years to investigate what factors predicted receipt of TJR 176. This was a wider 
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sample including people with disease that may not require surgery. They found 
that adjusting for arthritis severity (WOMAC score) and health status, the 
probability of undergoing a TJA was almost 4 times greater among those willing 
to consider TJA than for those who were unsure or unwilling. The authors 
suggest that unwillingness to consider TJA poses a significant, potentially 
modifiable barrier to the use of TJA. Of the pre-disposing factors, adjusting for 
willingness for surgery, participants in both the youngest and the oldest cohorts 
were still less likely to undergo a TJA during the follow-up period than those in 
the mid-age groups (63-81 years). The authors state these findings are consistent 
with those of a previous survey of Ontario orthopaedic surgeons, in which 86.8% 
of surgeons reported lower likelihood of performing a total knee replacement 
(TKR) if the patient was younger (<_55 years) and 20.8% reported lower 
likelihood of performing a TKR if the patient was elderly (z 80 years). Physicians' 
reluctance to perform TJA in younger individuals may be due to perceptions 
about the projected lifespan of the replaced joint, while reluctance to operate in 
older patients may reflect lower perceived benefit. The authors suggest the 
results indicate a need for knowledge dissemination about the success of TJA in 
the "well elderly" and current projections for prosthesis survival following 
surgery in younger individuals in order to ensure appropriate access to TJA in 
these age groups. For the other pre-disposing factors, after adjustment for age, 
arthritis severity, general health status, and willingness, neither education, sex, 
income, nor race was observed to affect time to TJA. As the effect of education is 
modified by willingness for surgery, the authors suggest the need for the 
development and implementation of strategies directed at the level of health care 
delivery, possibly through population education programs about arthritis and its 
treatment, and in particular about the indications for and expected outcomes of 
specific interventions such as TJA. 
Ibrahim et al conducted a population based study on 600 male Veterans 
Association (VA) patients aged 50 years of age with moderate-to-severe pain for 
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>6 months (evaluated on the Lequesne Scale) 180. They cite the Canadian study 
which found race was not a predictor of willingness to access surgery, stating 
that there were not enough African Americans in the sample. Hence they carried 
out a more representative study to look for such a difference. Adjusting for age, 
median annual household income, education level, GDS score, disease severity 
measured by the WOMAC, and K/L score, African American patients were more 
likely than White patients to be unwilling to consider TJR if their doctor 
recommended it. Adjusting for familiarity with joint replacement did not 
attenuate this affect, but adjusting for expectations of outcome did attenuate it. 
This suggests that differential expectations of postsurgical hospital course, pain, 
and function mediated the observed difference in "willingness. " 
Byrne et al used conjoint analysis to determine whether Whites, African 
Americans, and Hispanics have differing preferences for TKR 181. They found 
that looking at all participants (adults in Houston, TX, and patients treated for 
knee OA), if the difference in levels of pain and walking ability between the 
surgical and non-surgical scenarios was small, they were less likely to choose the 
surgical option. As costs of surgery increased people were less likely to choose 
surgery. Women and older people were less likely to choose surgery. Income 
did not affect choice. African American participants were significantly less likely 
to choose surgery than white participants. After controlling for sex, income, 
education and OA, Hispanics were not different from white participants. 
Qualitative work 
The limitation of the quantitative work is that it only tells us whether one group 
of people is more or less likely to be willing to have a joint replacement 
operation. There is a lack of information as to why some groups are unwilling to 
have surgery. Qualitative studies have therefore been conducted in an attempt 
to understand this. Sanders et al followed up a 25% sample of SASH subjects 5- 
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years later, performing qualitative interviews on people considered to be in need 
of TJR 182. Hudak et al 183 used a sample of 17 people from the Canadian study 
that were candidates for surgery. They obtained accounts of elderly patients 
decision making for consideration of TJR. Only people unwilling to consider 
surgery were included. Further qualitative work on the Canadian study was also 
done on a sample of 30 unwilling people in need of surgery by Ballantyne et al 
184. A study by Jinks et al 185 aimed to investigate peoples decisions to seek or not 
seek healthcare, in a population based cohort of people with knee pain registered 
with 3 general practices in North Staffordshire. This is different to the other 
qualitative studies, as they looked at all people with knee pain, rather than just 
those in need of surgery. Gignac et al 186 conducted focus groups to compare the 
health experiences of middle aged people with OA to those who do not have a 
chronic disabling disease. As the majority of research in this area is on older 
people with more severe disease, they wanted to compare the experiences of 
younger people with mild to moderate OA symptoms, and see how this differed 
to the experiences of those with no chronic disease. 
The findings of the qualitative studies are described below: 
Normal part of ageing 
Many studies have found that people considered the pain and disability of 
arthritis to be a normal and expected part of ageing 182 185 184 186 183. This was a 
major factor in their reluctance to seek care, even when symptoms caused severe 
disruption to peoples lives. Some authors question whether we should challenge 
patient's perception of arthritis as a normal part of ageing. Patients would have 
to redefine themselves as sick when they do not think they are, and subsequently 
be forced into a decision on surgery. They suggest it is the responsibility of 
health care professionals to inform the patient they have a treatable condition, 
and health care practitioners should remember many elderly people are heavily 
reliant on them to make such decisions about health. It is not to direct them to 
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surgery but to remind them of their candidacy for surgery and ensure people 
have full and accurate information about the procedure. 
Gignac et al found that it was more common for older people to minimize or 
normalise their condition 186. Younger people were more upset about having 
osteoarthritis and were less likely to see the condition as normal. This finding is 
reflected in other studies 182 187 179 58 186" Younger people have very different 
views and are more determined to get treatment due to the disruption the 
disease causes to their employment, social lives, and the threat to future plans. 
Arthritis is associated with hardship and physically demanding work 
Sanders et al 187 found the people interviewed had lived through at least one 
world war and most had experienced difficult and physically demanding work. 
They often viewed their arthritis as an inherited component of that history, an 
inevitable result of hardship or at least of their hard work. This was a view 
common amongst both men and women, and across different occupational 
groups. People view it as an inevitable part of 'getting old', the pain has got 
worse over time, and it's the cause of events throughout life. 
Sudden deterioration 
Others have found that willingness to have a joint replacement operation is 
different in people who deteriorate suddenly. If the pain and disabling nature of 
arthritis appears gradually as people get older they may view it as a normal part 
of ageing, and adapt their lives to cope with it. However a person that is 
relatively active who has a sudden decline in function due to arthritis would be 
more likely to seek care and want an operation due to the sudden impact and 




If people have other chronic illnesses such as heart disease, diabetes or cancer, 
they tend to order them in terms of priority, and would rather resolve those 
problems first before seeking care for their hip or knee pain 187 iss 58184" 
Treatment of arthritis is not considered in isolation, but is spontaneously 
considered in relation to treatment for other conditions, and may not be the 
primary health concern in people's lives. It may also be the case that people are 
taking many medications for other treatments, so don t want any more, worrying 
about interactions and unexpected side effects. Quantitative research has also 
found that 179 fewer co-morbidities was an independent predictor of willingness. 
Arthritis is not a life threatening condition 
For other chronic illnesses, given a sudden onset of symptoms people are 
anxious to know the cause of disease, then when it is diagnosed and a cure 
suggested there is relief, and the person is happy to accept treatment. This is 
different for arthritis when it occurs as a gradual decline in function and increase 
in pain. Knowing what the disease is makes no difference to the perception it is 
part of ageing and there is nothing that can be done. As there is no big impact on 
peoples lives it gets accepted as part of getting old and people adapt their lives 
around it 187. 
People adapt/manage the disease 
People consider osteoarthritis as something to be managed rather than cured. If 
the symptoms of arthritis get worse gradually, they adjust to the changes in their 
bodies as they get older and accept pain as a part of ageing. They make changes 
to their lifestyle to try and minimize symptoms. People see arthritis as 
something to be expected in old age, and adjust lifestyles to manage it, not 
viewing it as something that can be fixed Iss 184186. They would rather get by and 
manage than seek treatment. 
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Do not want to be a burden 
Older people have been through a lot such as wars and have led harder lives, so 
are more stoic. They remember a time before the NHS was introduced, and 
show awareness of problems the NHS faces such as lack of funding and long 
waiting lists to meet demand. They compare their health status to people of a 
similar age, and feel there are others far worse than they are, so they are unlikely 
to get treatment and just get on with it 185 187 182184. They feel there are others 
more deserving than them, that younger people would be more worthy of an 
operation, and do not want to waste the GPs time, even if they suffer from a lot 
of pain. 
Not seeking healthcare maintains their 'healthy' status 
People want to be perceived as aging well. Admitting to having a problem by 
seeing a GP would mean they lose their status of being healthy in old age. Older 
people are more stoic and would rather struggle on than admit there is a 
problem even though they have severe symptoms. People want to preserve a 
sense of independence, that they are healthy and want to be seen as such, even 
when the reality is different, so by not seeking help they convince themselves 
they are fine 1sß 1s5184" 
Public perception of old age 
The view arthritis is a normal part of ageing is reinforced by the public 
perception that old people are slow and immobile. This is seen for example on 
TV and in cartoons displaying old people moving slowly hunched over walking 
sticks 187. Given the perception of old age presented by the media, it is 




Perception of being too old for surgery 
A few studies have found that some people consider they are not suitable 
candidates for surgery due to their age, so they do not bother discussing 
treatment with a doctor. As many older people have other co-morbid conditions, 
if age was a barrier when seeking access to other surgical treatments it was 
assumed this applied to joint replacement as well 182 58 
Pain is not bad enough to warrant surgery 
Studies have shown some people do not consider their pain and disability 
serious enough to warrant seeking help 183 las 184. They do not see themselves as 
suitable candidates for surgery, considering surgery as something of a last resort 
when it all becomes too much, and would rather just get by. They tend to 
overestimate the degree of pain and disability at which joint replacement would 
be indicated 17. Quantitative studies have shown that there is a link between 
disease severity and willingness to seek joint replacement surgery 58. A 
Canadian study found that participants who felt arthritis pain and disability 
should be extreme before joint replacement should be considered, and that 
surgery was appropriate only in the setting of otherwise good health, were less 
willing to consider surgery 179. 
This confirms the view that there is a point at which arthritis becomes so bad 
people are forced to seek help. Unfortunately some people will never reach this 
stage and not get the benefit of surgical treatment. Studies have shown that 
when people did see a GP the most common reasons were pain intensity and the 
impact it had on their lives 185. Being in work or having an active social life can 
make this trigger happen earlier, but once people get older they adapt to cope 
and the threshold at which they would seek help is greater. Pressure from family 
members also has an impact on persuading people to see a GP. 
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Long waiting list 
Some people consider that as the waiting list for joint replacement surgery is so 
long, given their old age and the few years they may have left to live, if they were 
to want an operation they would have to wait so long there is no point as they 
would not get the benefit 182. 
Listen to advice and experience of friends and family rather than health professionals 
When making a decision about whether to have joint replacement, people are 
influenced by the experience of others they know who have had surgery 182. 
They choose not to listen to advice offered by health professionals on their 
suitability for, and the potential risks and benefits of, surgery. If the people they 
talk to say surgery was successful this may influence them to have an operation, 
but if others have poor experiences it could make them reluctant to seek surgery. 
This may explain why some patients never initiate a discussion with the GP 183. 
The support and advice provided by family and friends also contributes to a 
persons decision of whether to have an operation 184. If they are given help with 
everyday tasks that minimized the effect of their physical limitations, and have 
support to keep them socially involved and connected with others, it reinforces 
patients' beliefs that they did not need surgery. This is supported by 
quantitative research where participants who reported that friends were an 
important health information source, or have family/ friends recommend 
surgery, were more likely to be willing to consider joint replacement as a 
treatment option 179. 
The Canadian study found women and people of lower SES have less positive 
views about the benefits of surgery 179. An article by Hawker 178 states that other 
studies have shown African Americans are less likely to be familiar with TJR 
surgery, and perceive the risks to be greater and the outcomes less good 'IS. 
Whites have greater knowledge about joint replacement and were more likely to 
know someone who had an operation. Whites were more likely to consider the 
operation beneficial, and thus more likely to consider surgery 137. Knowing 
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people who have had surgery and beliefs that it works are major determinants of 
willingness for surgery. 
The fact that people listen to the advice of friends and family, and rely on the 
experiences of others that have had joint replacement, to make a decision on 
whether to have surgery, rather than rely on evidence based advice from 
healthcare professionals, may be a key determinant of why women, those of 
lower social class, and African Americans are less willing to have joint 
replacement surgery. Educational interventions targeting these groups about the 
suitability and benefits of surgery could potentially tackle part of the inequity in 
access to care seen for these groups. 
Being overweight 
Some think that being overweight means surgery will not be beneficial. They 
blame the failure of the joint on their weight. People think that because they 
weigh a lot, there is no point having an operation, as their weight would cause 
the new joint to fail 182. Stories in the media on rationing surgery in overweight 
people may influence a heavier persons perception that they are not suitable 
candidates for surgery. 
Dependants 
If people have to care for others and have dependants that need their support 
they may choose not to have the operation 182. They consider that having surgery 
means time spent in hospital with a long recovery period and even then it may 
not be successful. If they have to stay in hospital there is no one else available to 
look after or care for their partners or other dependants, so they cannot take the 
time to have surgery. 
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Fear of hospitals 
Some people lack trust in the medical system and are scared about having an 
operation in hospital, instead preferring to continue in their current state 178. 
This fear may be caused by media coverage of issues such as hospital infections 
or poor outcomes of surgery by foreign doctors in independent sector treatment 
centres. Alternatively, the experiences of others who have had surgery, or their 
own past experiences of treatment in hospital, create fear and mistrust of surgery 
that contribute towards avoidance of seeking a joint operation 184. 
Summary of findings 
Age 
The quantitative research found strong and consistent evidence that older people 
were less willing to undergo surgery than younger people 58128127179 181" The 
Canadian study found that after adjusting for willingness for surgery, 
participants in both the youngest and the oldest cohorts were still less likely to 
undergo a TJA during the follow-up period than those in the mid-age groups 
(63-81 years) 176. This suggests that willingness for surgery is not the only cause 
of age inequities in access to care and barriers are occurring further down the 
care pathway. 
This is supported by the qualitative research where the majority of the reasons 
suggested for people not seeking joint replacement surgery is age related. Older 
people consider joint replacement to be a normal part of ageing, and as the 
symptoms of arthritis get progressively worse, they adapt their lives to cope, not 
thinking of surgery as an option. Most older people are retired and make 
changes to their lifestyles as they adapt to disease and get older. The symptoms 
of arthritis are seen as an expected part of getting old, influenced by the publics 
perception of old age, and not something that can be resolved. The impact 
arthritis has on younger peoples lives is much greater, suddenly affecting both 
work and social lives, so they are much more willing to seek surgery to return to 
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normal. Older people are also more stoic and have led harder lives, 
remembering a time before there was a free national health service. This 
influences their reluctance to use it unless absolutely necessary. As the next 
generation of older people comes along, they may have very different views, 
being more demanding, and having greater expectations of their right to 
healthcare. Stories in the media of healthcare rationing by age and weight may 
also make some older people think they are not entitled to surgery. 
Sex 
Two studies found that males are more willing to have surgery ss 181, but the 
Canadian study reported women and men were equally likely to want surgery 
128127179. As the SASH study only controlled for age and sex, and Gignac's study 
was a small sample not based on those in need of surgery, the best evidence is 
from the Canadian study whose multivariable regression models controlled for 
many factors that could be associated with willingness for surgery. 
The evidence from quantitative research is conflicting with some suggesting 
women are less willing than men to seek access to surgery, whilst others find 
they are equally willing. Having a positive view about the benefits and 
outcomes of surgery, as largely influenced by friends and family, is related to 
greater willingness to seek access to care. As the Canadian study found that 
women were less likely to have positive views about the benefits and outcomes 
of surgery, this may be a reason some studies find they are less willing to access 
care. 
Due to a lack of evidence as to whether the reasons people are unwilling to want 
joint replacement vary by gender, we have looked at qualitative work by Helen 
Richards in the area of heart disease 189. However it is unclear whether reasons 
people are unwilling to seek access to care for a life threatening disease such as 
heart disease, would apply to joint replacement whose aim is to improve quality 
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of life by reducing levels of pain and disability. Three themes emerged that were 
important for sex differences. Firstly, responders believed males were at greater 
risk of CHD than women, due to their stress at work, and the responsibility of 
being the main provider and paying the bills. Women were considered to be able 
to cope with stress better, and hence be at lower CHD risk. This led to men being 
more likely to seek help for care. Greater perceived risk in some groups was not 
a theme apparent for joint replacement, so is unlikely to be a reason why women 
may be less willing to seek surgery. Secondly, although equal numbers of men 
and women reported discussing chest pain with another person, the outcome 
was different. Men consulted their wives who phoned a GP for them. Women 
were reluctant to consult their husbands not wanting to worry them; instead they 
consulted friends, which did not lead to seeking healthcare. Relying on the 
experiences and opinions of friends and family in deciding whether to seek help 
from a GP was a theme common to joint replacement surgery, but it is unknown 
if such a gender difference applies. Thirdly women had previous negative 
experiences with healthcare providers. They were reluctant to report pain for 
fear of being told off for unhealthy behaviours such as smoking and being 
overweight. They also feared wasting the doctor's time, and that doctors would 
attribute the pain to anxiety or nerves, expressing surprise doctors did not 
consider CHD as a possible cause. Fear of wasting the doctors time, and that 
being overweight would mean they are not suitable candidates for surgery were 
both determinants of willingness to access care for joint replacement. Though it 
is unclear if such factors vary by gender in the case of hip and knee replacement. 
Deprivation 
The Canadian study found education was not associated with willingness. There 
was weak evidence those with low incomes (< $20,000) were less willing 127. 
Byrne et al found no association between income and willingness 181. The 5-year 
follow up of the Canadian study 176 found that higher education was a predictor 
of receipt of joint replacement surgery, but this was attenuated after adjusting for 
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willingness for surgery, suggesting it is a factor that is determined prior to 
seeking care from a health professional. The authors suggest the need for the 
development and implementation of strategies directed at the level of health care 
delivery, possibly through population education programs about arthritis and its 
treatment, and in particular about the indications for and expected outcomes of 
specific interventions such as TJA. 
There is only weak evidence to suggest that higher education or greater income 
influences a persons willingness to access joint replacement surgery. Qualitative 
research found that those of lower SES are less willing to want a joint 
replacement operation. Negative perceptions of the benefits and outcomes of 
surgery could potentially explain this finding. 
The qualitative study by Helen Richards attempted to identify reasons why 
people were unwilling to seek help in the area of heart disease, by deprivation 
group 190. One reason they identified was that people in deprived areas felt more 
vulnerable to heart disease, due to a strong family history of disease, and 
knowing people at risk/suffering from disease. Knowing others who had it they 
resign themselves to eventually getting it. People in affluent areas were less 
likely to have a family history of disease. Those that did assumed leading a 
healthy lifestyle meant they would be at less risk. They disassociated themselves 
from people with heart problems saying they were overweight people who 
smoke and drink too much. Even though respondents from the deprived area 
expressed a greater sense of vulnerability than the affluent respondents, they 
were no more likely to report presenting with chest pain. Such themes are also 
common in joint replacement, and given need is greater in more deprived areas, 
it is likely that such factors are a reason for disparity by deprivation in access to 
joint replacement surgery. 
Another reason was that respondents from the deprived area were more likely to 
report having poor health, other significant medical conditions (diabetes, stroke, 
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high cholesterol etc), and low expectations about longevity and ageing. 
Respondents reported three reasons for not presenting with chest pain that were 
related to perceived poor health. Firstly, they normalised their chest pain. 
Secondly, they were unable to distinguish chest pain from symptoms of other 
physical conditions, such as chest infections and heartburn and stress. Thirdly, 
respondents with multiple health problems expressed concerns about overusing 
medical services. Having co-morbid conditions, normalising illness, and being 
more stoic with a general reluctance to use healthcare as others are more 
deserving are all themes common to joint replacement. It is plausible such 
factors vary by deprivation group when seeking access to joint replacement 
surgery. 
Another theme was that future expectations of health care shaped illness 
behaviour. Respondents from the deprived area were more likely to report 
negative experiences of health care and to have lower expectations of health care. 
This is again common to joint replacement studies, suggesting that negative 
perceptions of the benefits and outcomes of surgery could explain why those of 
lower social class are unwilling to have surgery. Richards et al also observed 
that deprived patients understood the risk factors of heart disease such as 
drinking and smoking, and felt at fault for their chest pain, also believing GPs 
would blame them for their health problems deterring health seeking behaviour. 
Those who led healthy lifestyles in affluent areas felt they were not to blame for 
problems. The idea of blame is apparent in the joint replacement literature with 
people blaming their symptoms on leading a hard working life. As joint disease 
is more common in manual occupations, this could be a further explanation why 
people in more deprived areas are less willing to seek care for joint replacement. 
Ethnicity 
The Canadian study found no evidence willingness to undergo arthroplasty was 
associated with race 128, but African Americans were underrepresented in the 
sample. Ibrahim et al found African American patients were more likely than 
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White patients to be unwilling to consider TJR if their doctor recommended it. 
Adjusting for familiarity with joint replacement did not attenuate this affect, but 
adjusting for expectations of outcome did. This suggests that differential 
expectations of postsurgical hospital course, pain, and function mediated the 
observed difference in "willingness" by ethnicity. This supports qualitative 
research that suggests people who are less likely to be familiar with surgery, 
perceive the risks to be greater, and the outcomes less good, would be less 
willing to want surgery. Byrne et al also found African Americans were less 
willing to have surgery than Whites 181. 
Ibrahim et al cite a study by Katz that found when volume and case mix were 
taken into account, African Americans still had greater rates of complications 191. 
Hence African American patients may be more likely to be exposed to 
knowledge of complications of joint replacement surgery through relatives, 
friends, and, perhaps, neighbours who have undergone the procedure. This 
lends support to the fact that listening to the experiences of others is a cause of 
unwillingness to access care and a possible explanation for inequity by race. 
Another reason why African Americans may be less willing to have joint 
replacement surgery is their preference for alternative therapies. Ibrahim et al 
conducted another study 188 looking at African American and non-Hispanic 
White patients with moderate to severe osteoarthritis of the hip/knee, to 
compare their perceptions of the efficacy of various treatments. They found 
African Americans would be more likely to use OTC remedies, ask friends or 
family for advice, cut down on activities, apply a medicated cream and seek 
advice or care from a chiropractor or physical therapist. They were also more 
likely than Whites to perceive the following as helpful: Tylenol, physical therapy, 
use of herbal medicine, massage, prayer, use of Nutrajoint, use of copper or other 
metal bracelets. They cite other studies that found in patients with osteoarthritis, 
African Americans were reported to be more likely than whites to rely on home 
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remedies as a form of self-care, and that prayer is one of the most common self- 
care treatment methods used by African Americans. The authors state that 
differences between African American and white patients on these culturally and 
psychosocially based factors could help to explain the observed racial disparity 
in the use of medical procedures such as joint replacement for osteoarthritis. 
Byrne et al have tried to further explore reasons why African Americans are less 
willing to have joint replacement surgery 181. They found that difficulty walking 
was much more important than pain level to African Americans, whereas the 
two attributes had similar importance for Hispanics and for Whites. The risk of 
death was highly significant for whites, but not for Hispanics or African 
Americans. The authors state that the findings in this study are relevant to 
physicians who discuss the option of joint replacement with their patients, and 
have implications for improving the decision-making process. 
11.3.2. Primary care 
Quantitative work 
Where quantitative studies have found evidence of inequity in access to joint 
replacement surgery, some authors suggest the barriers to accessing care may lie 
at the general practice level: 
Age 
In the North Yorkshire study 63 126 they found that of those in need of hip and 
knee replacement in the general population, evidence of age inequity was greater 
the further along the pathway to accessing care you go, being greatest for those 
on the waiting list. We have already found that willingness is a barrier to some 
older groups seeking healthcare, but this study suggests further barriers occur 
for those who seek care help from a GP. The 5-year follow up of the Ontario 
cohort 176 found that in those with disabling hip and knee pain, age inequities in 
access to surgery persisted even after adjusting for willingness for surgery. This 
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provides evidence that barriers to accessing care are not fully explained by 
willingness, and that further age barriers may be apparent at the GP or 
secondary care level. 
Sex 
The Canadian study 133 found women in need of surgery were less likely than 
men to have discussed arthroplasty with any physician, particularly an 
orthopaedic surgeon, and be on the waiting list for surgery. However among 
those who had discussed arthroplasty with an orthopaedic surgeon, both men 
and women were equally likely to have had surgery recommended. This 
suggests that barriers to access surgery by gender occur before the secondary 
care stage. The authors suggest that women may be less likely to be referred to 
orthopaedic surgeons for consideration for arthroplasty. Such a delay might 
occur because women are less likely to initiate discussions about their arthritis or 
its treatment, or are less demanding of surgery when it is discussed. 
Alternatively, primary care providers may have attitudes regarding the risks of, 
indications for, and expected outcomes of arthroplasty that make them consider 
women less appropriate candidates for surgery than men. 
Deprivation 
Chaturvedi & Ben-Shlomo's work 60 suggested that barriers to surgery by 
deprivation occur after patients have recognised their symptoms and sought 
help. They state that although disadvantaged people consult their GPs about 
osteoarthritis, they are less likely to be referred on for more surgery, compared to 
the more affluent. The 5-year follow up of the Ontario cohort found evidence 
that higher education was associated with obtaining joint replacement surgery, 
although the effect was attenuated after adjusting for willingness for surgery. 
This suggests that barriers to accessing surgery are fully explained by patient 




A number of reasons have been suggested by qualitative research as to why 
barriers to accessing joint replacement surgery might occur at the primary care 
interface: 
GP considers arthritis to be a normal part of ageing 
Older people are under the perception that there is nothing the GP can do about 
their problem other than giving them tablets, so they do not bother seeing them 
182 187. Older people are also reluctant to take such medication, as they worried 
about side effects and dependency, which makes them mistrustful of GPs and 
less likely to ask GPs for help with their joint problems 186184. 
This is not helped by the fact that when people do ask their GP for help with 
their joint problems the GP tells them it is just a normal part of ageing and there 
is nothing that can be done about it, other than use painkillers 182187186. For some 
the GP had done tests and did not consider them suitable candidates for surgery. 
GPs often seemed to confirm that their symptoms were inevitable and 
untreatable and that they were not suitable for referral. This leads some patients 
to seek private care 182. GPs relied on their own clinical judgement, rather than 
seeking a specialist opinion, and considered the anaesthetic for surgery a 
possible barrier Iss. 
GPs consider joint replacement will be unsuccessful 
Some GPs are under the misconception that joint replacement surgery will be 
unsuccessful and has poor outcomes, particularly in the case of knee replacement 
58 182, due to difficulties encountered with the procedure when it was first 
introduced. This is counter to current evidence that suggests knee replacement 
has become a very effective procedure. 
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GPs do not tell patients joint replacement is a treatment option 
Several people have suggested that GPs never discussed joint replacement 
surgery as a treatment option for them. People rely on GPs to help them make 
treatment decisions, and as they are the experts, by not mentioning surgery 
people automatically assume it is not possible so do not ask 184. In cases where 
GPs have mentioned surgery, it was often described as a last resort, which left 
many participants wanting to try all other alternatives before joint replacement. 
GP considers patients too young to have arthritis 
Younger people with OA were frustrated about the delay in doctors diagnosing 
OA, attributing it to health professionals not considering it a possibility as they 
are too young 186. 
Physician bias 
A study by Borkhoff et al 192 explored whether physician bias is a possible cause 
of gender inequity in access to TJR. Two patients were selected for the study that 
were identical in all aspects except gender. Both patients had been living with 
moderate knee osteoarthritis, confirmed by examination and radiographs as 
being identical in terms of disease severity, were not obese, and had only mild 
co-morbidities considered normal for their age. The patients memorized 
identical scenarios for functional capacity, pain severity, amount of sleep 
disturbance, the use of pain medications, and all other treatment modalities. The 
chief complaint was chronic knee pain and they had exhausted usual non- 
operative treatment, prompting the physician with the question of whether they 
think they need a new knee. By using standardised patients the only explanation 
for variation in referral could be gender. They found good evidence that men 
were more likely to be referred than women. A stratified analysis found this 
gender bias was greater for orthopaedic physicians compared to family 
physicians. The authors state that although when surveyed physicians say that 
gender does not influence their decision to refer, in practice this is not actually 
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the case. This is a modifiable cause of inequity. The authors state this supports 
the need for intervention strategies directed at the level of health care delivery, 
through clinician education programs to better inform physicians of the true 
risks of total joint arthroplasty, when and in whom to consider surgery, as well 
as, the potential benefits of early treatment. 
Patient-physician decision making 
Another source of gender disparity considered by Borkhoff et al 193 is patient- 
physician communication and the physicians decision making style. With shared 
decision-making the onus is on physicians to ensure that patients have all the 
information they need, that they understand their options, and then help them to 
make an informed decision that corresponds with their preferences. So if these 
factors differ between men and women, it may be a reason why women are more 
unwilling to undergo TKA than men. 
The authors explored further outcomes of whether elements of informed decision 
making (IDM) were recorded as present on the post-visit checklist, and the rating 
of physician's interpersonal skills. With the exception of a discussion of 
alternatives to TKA, the odds of physicians including an IDM element were 
higher (ranging from 3 to 6 times higher) when consulting the man compared to 
the woman. Physicians were less likely to discuss the clinical issue or nature of 
the decision with the woman compared with the man, the role in decision- 
making and whether they understand the decision, preferences, and rarely 
discussing recovery post surgery (known to be a specific concern for women). 
Physicians who recommended referral for TKA had higher IDM and 
interpersonal skills scores. Yet stratified analyses showed that irrespective of 
their final treatment decision women had fewer informed decision making 
elements and poorer interpersonal skills scores, regardless of the decision to 
refer. The authors suggest that the physicians' failure to include elements or 
discuss items important to patients may result in them being less likely to accept 
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physicians' recommendations, and therefore could contribute to the gender 
disparity in total knee arthroplasty utilization. 
Summary of findings 
Age 
Studies suggest that barriers to accessing care by age occur along the whole 
pathway to accessing care. Whilst some older people may not be willing to 
undergo a joint replacement operation, those who seek care from a GP are less 
likely to be referred or get an operation than younger people. 
Qualitative studies suggest a number of reasons why this may happen. When 
older patients seek help for their joint pain, GPs confirm patient's beliefs that 
their symptoms are an inevitable part of ageing and there is nothing that can be 
done about it. GPs appear unwilling to discuss joint replacement as a treatment 
option. Some GPs also believe older people are not suitable candidates for 
surgery, that joint replacement surgery would not be successful, and has poor 
outcomes, particularly in the case of knee replacement. This goes against current 
evidence that suggests knee replacement has become a very effective procedure. 
Younger people are also discriminated against by GPs who think they are too 
young to have the operation and should instead wait until they get older. 
Sex 
Recent evidence suggests GPs are more likely to refer men than women for a 
joint replacement operation, even though patients have clinically identical 
disease and present with the same symptoms. GPs were also found to have 
worse patient-physician communication when consulting with women, and 
poorer interpersonal skills, which could lead to women being less informed and 




Results from the Ontario study suggest inequity in access to joint replacement 
surgery by socio-economic groups is caused by patient's willingness to access 
treatment. There is no current evidence whether physician bias by deprivation 
group is a barrier to accessing care. 
Work by Helen Richards in the area of heart disease 190 found that perceived 
quality of interactions with the general practitioner was a factor in unwillingness 
to access care. Respondents from the deprived area were more likely to report 
negative experiences of health care and to have lower expectations of health care. 
No one in the deprived areas knew people in the medical profession, but some of 
those in affluent areas did, with some reporting privileged access to healthcare 
through connections and friends in the medical profession. Those in deprived 
areas reported difficulty getting referred. The extent to which knowledge is 
shared varied by socioeconomic status. Affluent groups were more likely to 
have greater medical knowledge and have informed discussions with GPs. 
Those in deprived areas did not have adequate information and felt GPs did not 
like them asking questions. Negative experiences of healthcare and low 
expectations of outcomes are common themes in willingness to access joint 
replacement surgery. Such factors could explain why people in deprived areas 
get less access to care once seeking help from a GP. 
Rurality & Ethnicity 
There is no evidence as to whether GP characteristics are a cause of inequity by 
rurality and ethnicity in access to care for joint replacement. 
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11.3.3. Secondary Care 
Orthopaedic surgeons as a barrier to access care 
Few studies have looked at whether once a patient has been referred from a GP, 
orthopaedic surgeons may then become a further barrier to accessing care for 
joint replacement. Potential reasons why people may not get access to care are 
factors like age discrimination, co-morbidities that make people unsuitable 
candidates for surgery, and weight. Physician bias according to age and sex has 
been observed for orthopaedic surgeons: 
Age 
The five year follow up of the Ontario study 176 found that adjusting for 
willingness for surgery, participants in both the youngest and the oldest cohorts 
were still less likely to undergo joint arthroplasty during the follow-up period 
than those in the middle age groups. The authors state these findings are 
consistent with those of a previous survey of Ontario orthopaedic surgeons, in 
which 86.8% of surgeons reported lower likelihood of performing a TKR if the 
patient was younger (555 years) and 20.8% reported lower likelihood of 
performing a TKR if the patient was elderly (z 80 years). Physicians' reluctance 
to perform TJA in younger individuals may be due to perceptions about the 
projected lifespan of the replaced joint, while reluctance to operate in older 
patients may reflect lower perceived benefit. The authors suggest the results 
indicate a need for knowledge dissemination about the success of TJA in the 
"well elderly" and current projections for prosthesis survival following surgery 
in younger individuals in order to ensure appropriate access to TJA in these age 
groups. 
Sex 
Hawker et al found that among those who had discussed arthroplasty with an 
orthopaedic surgeon, both men and women were equally likely to have had 
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surgery recommended, suggesting that once people see a consultant gender 
inequity should not be apparent 135. In a recent qualitative study Borkhoff et al 
found that when looking at physician bias, physicians were more likely to refer 
men than women for joint replacement surgery even though both patients were 
identical in all aspects except gender 192. They also found this gender bias was 
far greater in orthopaedic surgeons than in family physicians. 
Hospital trust characteristics as a barrier to access care 
In our equity analyses we explored whether hospital trust characteristics could 
explain any of the variation in equity in access to healthcare. No other studies 
have attempted to do this. Hospital trust characteristics are part of the provision 
of joint replacement surgery. Modifying them can only alter the way surgery is 
provided in secondary care. For example if a greater number of hospital beds 
explained observed inequities, this is a modifiable factor to reduce inequity in 
access to joint replacement. Whilst there are other factors at the individual or 
primary care level that may explain why inequity in access to care occurs we 
have not been able to explore them. 
In models for both hip and knee replacement, we found that adjusting for 
hospital trust characteristics did not attenuate observed inequities by age, sex, 
deprivation, rurality and the ethnic mix of the area. This suggests other factors 
earlier in the pathway to accessing care explain inequity in access to joint 
replacement surgery. So changing characteristics at the hospital level by 
increasing capacity and overall levels of provision will not tackle inequities by 
socio-demographic variables. Action is required at earlier stages to access care. 
Some hospital trust characteristics were found to be associated with overall levels 
of inequity. For hip replacement, higher hospital volume, fewer overall numbers 
of hospital consultants, greater numbers of Trauma & Orthopaedic consultants 
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and operating theatres and road travel times were associated with higher levels 
of provision to need. Whilst for knee replacement, higher hospital volumes, 
fewer overall numbers of hospital consultants, orthopaedic training centre status, 
and higher numbers of T&O consultants and dedicated day case theatres were 
associated with greater overall provision relative to need. 
It is not clear why these factors affect equity in access to joint replacement. 
Higher hospital volumes, greater numbers of T&O consultants and training 
centre status are proxies for hospitals that may be specialised centres for joint 
replacement surgery. So people may have easier access to joint replacement if 
they are treated in such centres. Higher numbers of dedicated day case and 
operating theatres may increase hospital capacity to perform joint replacement 
surgery, and thus reduce the overall level of inequity. Having to travel further 
for an operation is an indication of access. If provision is provided in specialist 
centres, people may choose to travel further to access such care if there is a long 
wait for provision locally, and if specialist centres have the capacity to treat 
patients from further away this could reduce inequity overall. It is unclear why 
having fewer overall numbers of consultants is associated with greater provision 
relative to need. 
11.3.4. Limitations 
Through our study we have provided good evidence that inequity in access to 
hip and knee joint replacement exists in the NHS in England. This leaves us with 
a number of important unanswered questions: where in the pathway to accessing 
care do inequities occur (individual, GP, secondary care); why do inequities 
occur? 
Reviewing the literature we have found evidence that patient willingness is a key 
reason as to why some groups of patients choose not to seek help from a GP for 
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their disabling hip and knee pain, when they would be suitable candidates for 
surgery. A number of quantitative studies have been done providing evidence 
as to whether some groups are more or less willing to access care than others. 
Qualitative research has provided many different reasons as to why people are 
unwilling to want a joint replacement operation, however they are not specific to 
different socio-demographic groups. This presents a problem, as if we are to 
develop interventions to target specific demographic groups and make them 
more willing to have, and get the benefit of, joint replacement surgery, we need 
to know the specific determinants of willingness in each demographic group 
(age, sex, deprivation, rurality, ethnicity). As we have described there is good 
evidence of the specific determinants of willingness by age and ethnicity. It is 
less clear for gender and deprivation, and we have had to look at research in the 
area of heart disease looking at determinants of willingness in these groups. 
There is no research looking at determinants of willingness by rurality groups. 
There is a clear area for future qualitative studies to identify a group of people in 
the population in need of joint replacement, and look at the reasons why people 
choose not to access care by sex, deprivation and rurality. 
Once patients have seen a GP for help with their joint problem, physician bias is 
a possible reason why people with equal need for surgery, that are suitable 
candidates, are not referred. There is some evidence that GPs discriminate on the 
basis of age, considering patients either too young or too old for surgery. This is 
based on misconceptions as to current evidence on the suitability and benefits of 
surgery, and suggests a need for an educational intervention for GPs on the 
success of joint replacement in the well elderly and prosthesis survival following 
surgery in younger individuals in order to ensure appropriate access to TJA in 
these age groups. Recent work has found evidence of physician bias in respect of 
gender, where for unknown reasons, GPs are referring more men than women, 
even though both groups have equal need and fitness for surgery. When 
surveying GPs they report they do not discriminate by gender, but the evidence 
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suggests otherwise. This again points to a need for a GP education program 
about the indications and suitability for surgery. Similar problems have been 
found once a patient sees an orthopaedic surgeon, where there is some evidence 
of discrimination on the basis of age and sex. There is as yet no evidence as to 
whether GPs discriminate by social class, although some evidence is available 
from a study on heart disease so that assumptions can be made. There are also 
no studies looking for evidence by ethnicity or rurality. This is another area for 
further research including repeating such work looking at orthopaedic 
consultants. 
In our study we have looked at whether hospital trust characteristics affect 
equity in access to hip and knee replacement, such as numbers of beds and 
trauma and orthopaedic consultants. Adjusting for such factors did not 
attenuate the equity rate ratios by age, sex, deprivation, rurality and ethnicity, 
suggesting hospital factors that affect provision will not tackle any inequity in 
access to care by these demographic groups. So any policies to change levels of 
provision or access to care at the secondary care level is unlikely to work. The 
problem lies further down the pathway to accessing care. 
11.4. Government policies to ensure equity in access to care 
11.4.1. Sustained increase in investment and funding to raise capacity for 
the provision of services, allowing the introduction of patient choice 
Large increase in funding 
Over recent years the NHS has seen a large and sustained increase in investment 
and funding: an average annual increase in real terms of 7.4% between 2002/03 
and 2007/08 taking total net NHS expenditure from £55.8 to £90.2 billion 169. 
This has allowed improvements to be made to patient services by increasing 
capacity and changing the way care is delivered to offer patients faster access to 
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treatment. The NHS is also allocated a substantial budget to pursue its role in 
investing in measures that improve population health and reduce inequalities. 
Change and modernisation of the NHS is required to achieve the basic principle 
of fairness in access to services for those in need 169. To build an improved NHS 
requires significant investment to increase capacity. 
The existence of the private sector in healthcare means that some people have a 
choice of whether to wait for an operation to be carried out in the NHS, or pay to 
have it done privately and bypass the waiting list. Such a choice is only available 
to the few who can afford to pay creating unfairness in access to care. However 
even within the NHS, there is evidence that the poor and disadvantaged groups 
have restricted access to care, such that more affluent groups are making more 
use of and benefiting more from NHS services. 
The government has decided that in order to make access to healthcare more 
equitable, they need to ensure equity of access to knowledge about these 
services. Everyone should have the same ability and resources to use that 
knowledge, and be able to access the services themselves. Giving the power of 
choice to patients and users means they will have the opportunity to decide what 
is the appropriate health and social care for them, to choose what is convenient, 
where they want to be cared for, and to say how they wish be treated. Giving this 
power to patients will give a powerful incentive to providers to raise their 
standards and by doing so improve healthcare for all. Patients will not choose 
providers that provide a poor standard of healthcare or have long waiting times. 
Patients cannot be offered a choice of provider unless capacity is expanded. That 
waiting lists exist is an indication that more patients are being offered healthcare 
than can reasonably be provided for given current NHS capacity. Only by 
358 
Discussion 
increasing capacity can waiting times be driven down, making access to 
healthcare fairer for those who cannot afford to jump the queue. 
The Government made a commitment that by December 2005 patients who 
require an elective referral will be offered a choice of 4-5 hospitals (or suitable 
alternative providers) and a choice of time and date for their booked 
appointment, at the time they are referred by their GP or primary care 
professional 55 56. The range of service providers available could include: NHS 
Trusts, Foundation Trusts, NHS and Independent Sector Treatment Centres, 
Independent Sector Hospitals, General Practitioners with a Special Interest 
(GPwSI) or other extended primary care. PCTs will be responsible for ensuring 
that choices are available and the necessary systems and processes are in place to 
offer and support choice and to enable booked appointments to be made. The 
NHS Improvement Plan aims to ensure that by 2008 NHS patients wait no longer 
than 18 weeks from GP referral to treatment. 
By giving patients choice, it allows them to make an informed decision about 
their treatment choice with their GP, that best meets their needs. This means that 
when a patient is referred by a GP for surgery, they can choose a hospital with a 
shorter waiting time rather than being restricted to their local hospital as before. 
Factors that are said to influence patient choice are waiting times, ease of access, 
the hospitals reputation and information on the quality of care. People have 
been provided with the opportunity not only to get earlier surgery but also to 
have that operation at a time and place that they have played a role in choosing. 
Increasing capacity in the NHS has given patients more choice about where they 
can access NHS care. This in turn has helped drive down waiting times for 
elective surgery, increasing fairness in accessing care. However it is also 
important that this increased capacity is directed at those most in need, otherwise 
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the government initiatives of 'patient choice' and 'choose and book' could 
inadvertently widen inequalities rather than narrow them. This is why the 
government is ensuring that local health planners conduct health equity audits 
194. 
Will this policy reduce inequity in access to joint replacement surgery? 
In our analyses we hypothesised that hospital trust characteristics, such as the 
number of available beds, operating theatres or trauma and orthopaedic 
consultants, were a potentially modifiable determinant of equity in access to joint 
replacement surgery. For example if a hospital has spare beds and extra 
capacity, people are likely to get referred quickly regardless of whether they are 
rich or poor, whilst a hospital under pressure may have inequities. If we had 
found evidence of this, that information could be used be local health planners to 
change the way services are provided in an attempt to reduce inequity in their 
areas. However, our analyses have shown that controlling for hospital trust 
variables did not attenuate the effect of inequity by age, sex, deprivation, rurality 
or the ethnic mix of the area. Hence the potential causes of inequity may lie 
further down the pathway to accessing care, such as individual patient 
willingness or GP referral bias. Our results therefore suggest that the 
governments policy of increasing levels of NHS spending, in order to increase 
levels of provision of joint replacement surgery (such as through independent 
sector treatment sectors), and allowing patients the choice of where to have an 
operation, will not reduce inequity in access to hip and knee replacement. 
Increasing supply will help meet the excess demand for joint replacement driven 
by an ageing population and greater propensity to operate in younger people, 
thereby reducing waiting times, but it will not address inequities. 
The introduction of patient choice may have the potential to reduce inequity in 
access to care. When exploring the reasons why inequity in access to joint 
replacement occurs, we found that the information patients used for surgical 
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decision-making was an issue. Patients relied on the experiences of friends and 
family and people they knew who had had surgery. If those they spoke to had 
bad experiences, or were dissatisfied with the outcomes of surgery, they were 
naturally less willing to have an operation themselves. In addition, once patients 
seek help from a GP, being fully informed of the risks and benefits of having 
surgery, and being involved in the decision of when and where to have surgery, 
will help patients make a decision about whether to have joint replacement. 
There is some evidence to suggest that affluent groups were more likely to have 
greater medical knowledge and have informed discussions with GPs, even using 
connections with the medical profession to get privileged access to care. 
Standardising the process and giving patients greater involvement in the 
decision making process could reduce this potential barrier to accessing care. A 
study by Losing et al 195 found that in multivariable models, older age, female 
sex, and suburban residence were associated with lack of hospital choice for knee 
replacement. Patients who reported lack of hospital choice were twice as likely 
to be very dissatisfied with the surgery than patients who reported having a 
choice. The authors suggest that patients who are satisfied with the results of 
their surgery are more likely to suggest the procedure to friends and relatives. 
As this is a known determinant of willingness to access care, increasing choice 
could make more people willing to access care, and thereby reduce disparities. 
Alternatively patient choice could have an adverse effect. Research by Losina et 
al 196 indicates that policies aimed at restricting joint replacement to high-volume 
centres would differentially affect older, poor, less well-educated, rural patients. 
They state this is consistent with research in pancreatic cancer, and breast cancer 
treatment, in which some patients stated they would prefer to receive care in a 
local small volume hospital. If for example, the preference of more deprived 
patients is to have a joint replacement operation in a local hospital, the better off 
would take advantage of patient choice getting faster access to treatment in 
centres further away from their homes, ISTCs or private hospitals. Inequities 
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could be increased if it means vulnerable groups are faced with longer waiting 
times or would then be unwilling to access treatment. 
11.4.2. Health equity audit 
The Programme for Action 27 identified Health Equity Audit (HEA) as a key tool 
to embed evidence on inequalities into mainstream NHS activity such as 
planning, commissioning and service delivery. The Priorities and Planning 
Framework (PPF) for 2003-06 set out a number of targets that support the 
Programme for Action, including the requirement for PCT service planning to be 
informed by Health Equity Audit and an annual public health report. PCTs will 
be performance managed on how well they do this. 
HEA provides a framework to help service planners take systematic action to 
narrow health inequalities in order to achieve the national PSA target by 2010 197. 
The purpose behind HEA is that it is important for local health planners to use 
evidence of inequalities to inform decisions on investment, service planning, 
commissioning and delivery. They must then take action that will have a high 
impact on reducing inequalities, and review and measure whether this action has 
actually narrowed inequalities 198. For NHS services, that would probably be 
resource allocation, commissioning, service provision or care outcomes. It is vital 
that inequalities are properly considered as part of service planning and delivery, 
otherwise there is a danger that achievements in population health are at the 
expense of widening inequalities. Focusing HEA on issues which will have the 
most impact on health inequalities will support the achievement of the national 
Public Service Agreement target for health inequalities in infant mortality and 
life expectancy 194. 
It is not expected that PCTs will evaluate all of their services through one HEA, 
but rather that a HEA will be carried out for particular priority services, perhaps 
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as part of a programme aimed at covering the main priority areas impacting on 
health inequalities. Some PCTs may wish to use HEA at strategic level to 
evaluate problem areas, and then back this up with more focused and detailed 
HEA studies on particular areas of inequality. 
Health equity audits identify how fairly services or other resources are 
distributed in relation to the health needs of different groups and areas. Priority 
action must be taken to distribute resources relative to health need, otherwise 
inequities occur which lead to health inequalities. The HEA cycle is not complete 
until something changes which is likely to reduce inequalities demonstrably. 
Looking at issues across the whole local health community along the care 
pathway may highlight where the inequities are occurring and reveal cumulative 
effects of unequal access to services along the patient's journey through primary 
prevention, secondary prevention, acute and chronic care 194. The Department of 
Health has produced a Health Equality Audit self-assessment toolkit to support 
PCTs to address organisational development issues, which underpin or inhibit 
the Health Equity Audit process. Completion of the self-assessment tool is a 
component of the PCT star ratings 197, with the aim to incentivise the effective use 
of HEA in service planning, commissioning and delivery to tackle health 
inequalities in England. 
A HEA programme should address the dimensions of health inequalities, aiming 
to narrow the gap in health outcomes between: social classes, geographical areas, 
men and women, Black and minority ethnic groups, age groups (particularly by 
improving the health of infants and children and prolonging active healthy 
lifestyles in the over 50s). Routinely available data and information can be used 
to support HEA, also data gathered through local audit and research, and 
existing data such as in DoH reports. "Data paralysis" is to be avoided where 
possible, by using information that is already there. Imperfect data and creative 
use of postcodes, indices of deprivation and proxies should be used if they are 
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"fit for purpose" for the decision being made. The regional Public Health 
Observatories (PHOs) will support PCTs in this work. 
The Musculoskeletal Services Framework recognises evidence social disparity 
has been reported for both primary and revision THR and TKR operations, with 
lower rates among the most disadvantaged, despite equal or greater indications 
of need 199. Surgical and primary care teams, in collaboration with PCT public 
health teams, can identify local inequalities and unmet needs (health equity 
audits) by linking hospital episode data to local deprivation data via postcodes. 
A detailed assessment of the true need for T&O services is required in each 
health economy to ensure a balanced provision of services, which avoids 
inappropriate use of resources and areas of need being deprived of resources. 
Basic delivery cycle of the NHS 
The goverrunent is committed to reducing health inequalities, so is doing HEA, 
to ensure health inequalities are considered in the commissioning and planning 
of services. This fits in to the basic delivery cycle of the NHS, involving needs 
assessment, planning services, and commissioning services to meet needs and 
assess outcomes. Assessing the needs of people with musculoskeletal conditions 
is now recognised in the Musculoskeletal Services Framework. The framework 
describes needs assessment in the context of understanding the prevalence and 
incidence of musculoskeletal disorders, where patients are and their use of 
services. It recognises needs of different people vary across different areas. 
How does our work inform HEA? 
HEA require small area estimates of the level of need for, and provision of, joint 
replacement in order to provide services equitably. Hence our data can be used 
to inform local health equity audits. Using the ELSA dataset we have been able 
to produce small area estimates of need for hip and knee replacement surgery. 
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We used the HES dataset to produce small area estimates of provision of joint 
replacement surgery. The datasets have then been combined to determine 
whether there is inequity in access to care by age, sex, deprivation, rurality and 
the ethnic mix of the area. Local health planners can use such data to ensure they 
are providing adequate levels of provision in order to meet local health needs, 
and to ensure they are providing services fairly across different population 
groups. In this discussion chapter we have reviewed the literature on why such 
inequities occur, with the main finding being that it is due to patient willingness 
and physician bias. This information will be informative to health planners in 
developing interventions to reduce inequities in access to joint replacement in 
their areas. 
Example of how HEA has worked 
The HEA Guide for the NHS 194 provides an example of how a simple HEA can 
be used to achieve more equitable access to healthcare. In West Hertfordshire, 
the introduction of the CHD NSF lead to a focus on equitable development of 
cardiology services. Routinely available data was used to assess whether 
services were being provided equitably. They observed that between 1997 and 
2000, areas with the highest rates of CHD mortality received the lowest rates of 
provision of CABG and PTCA. This lead to a £300,000 shift in recurrent 
resources towards areas of highest need. This lead to an improvement in the 
fairness of the distribution of coronary revascularisation procedures, as data 
from 2001-2003 now showed that areas with highest CHD mortality rates 
received the greatest provision of revascularisation services. This provides a 
useful example of how routinely available data on need and provision can be 
used to identify unfairness in access to services. Local health planners can 
redirect resources in an attempt to tackle the problem, and then look at routine 




Unfairness in access to revascularization services was highlighted by the CMO in 
his 2005 report 167. He states that just examining crude rates of revascularisation 
in each area of the country is misleading and unhelpful, as the amount of 
coronary disease in different areas will differ according to the prevalence of risk 
factors for atherosclerosis. Rather, it is necessary to estimate a specific 
population's need for revascularisation and then compare actual provision with 
that need. This is the purpose behind HEA. The measure of need used by West 
Hertfordshire is a crude proxy estimate. Ideally estimates of need should take 
account of a variety of important risk factors to estimate a population's specific 
need. The CMO stating that risk factors which have an impact at population 
level include: an older age profile, higher rates of smoking, higher levels of 
obesity or diabetes (influenced in turn by a population's ethnic make-up), and a 
higher proportion of males in the population. 
11.5. Policies aimed at specifically ensuring equity in access to joint 
replacement surgery 
Government wants to ensure equity in access to TJR 
A report by the National Audit Office in 2003 200 recommended that The 
Commission for Health Improvement should include, in their clinical governance 
reviews, the equity with which patients are offered hip replacements, the 
prioritisation of patients on NHS waiting lists, and the use of integrated care 
pathways. The Department of Health commissioned the Modernisation Agency 
to develop two initiatives focused on identifying and spreading good practice in 




11.5.1. Tackling age discrimination in joint replacement surgery 
Recognition that some surgeons ration surgery on the basis of age and weight 
In deciding whether or not, and when, to offer a patient surgery, consultants 
have to take account of a range of factors including age, lifestyle, other health 
conditions and fitness. Such decisions are a matter of medical judgement but, in 
2000, the Committee of Public Accounts was concerned to see more consistency 
of approach. 
In this thesis we have found strong evidence of inequity in access to healthcare 
by age, where although older people have a greater need for joint replacement 
they are less likely to receive provision of surgery. An explanation for this might 
be variations in the way surgeon's use age as a means of rationing joint 
replacement surgery. A report by the National Audit Office on Hip replacement 
surgery 200 found there were variations in the way surgeons applied criteria of 
age and weight in their decision to perform hip replacement surgery such that 
equity in access to care cannot be fully demonstrated. Variations in the age and 
weight below and above which consultants feel that surgery may not generally 
be appropriate point to a lack of clinical consensus. 
In response to this, the National Service Framework for Older People has 
developed a benchmarking tool to address the potential problem of age 
discrimination in the provision of hip replacement surgery. In addition, the 
Department of Health has commissioned the Modernisation Agency to develop 
two initiatives focused on identifying and spreading good practice in 
orthopaedics as well as improving equity of access on grounds of age and other 
criteria. 
Clearly there is some evidence that surgeons may use age as a tool to ration joint 
replacement surgery, rather than basing the decision to operate on clinical need 
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alone. Denying access to services on the basis of age alone is not acceptable; one 
of the principles laid out in the NHS Plan is that "'The NHS will provide a universal 
service for all based on clinical need, not ability to pay". The NHS should be there to 
provide the services people need, based on clinical need alone, and no other 
consideration. It is important to remember that older people have supported and 
contributed towards the NHS all their lives, and so have every right to access 
healthcare they have paid for through taxation. 
The NSF for older people 201 says that the need for this framework was triggered 
by concerns about widespread infringement of dignity and unfair discrimination 
in older people's access to care. The framework sets out to tackle age 
discrimination, to ensure people are treated on the basis of clinical need and the 
ability to benefit, not age. 
Standard 1: Rooting out age discrimination NHS services will be provided, 
regardless of age, on the basis of clinical need alone. Social care services will not 
use age in their eligibility criteria or policies, to restrict access to available 
services. 
Fair access to joint replacement surgery is singled out in the NSF for older 
people, where it says that even very complex treatment, used appropriately, can 
benefit older people and should not be denied them solely on the basis of age. 
Joint replacement is cited as a procedure that is particularly important for older 
people. Action is already under way to expand older peoples access to surgery, 
where over the next three years, people over the age of 65 will benefit from 
around 16,000 more hip and knee replacements operations. 
The framework recognises that there are circumstances where older people may 
not benefit from surgery. Older people are more likely to suffer from co- 
morbidities that can complicate treatment, or compromise its effectiveness. Some 
older people may choose to decline the most complex treatments. However the 
decision should be made on the basis of individual clinical need, overall health 
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status, and the personal wishes of the older person. Having observed that there 
is inequity in access to joint replacement by age, we need to better understand 
what part, if any, is actually due to age discrimination, or is it due to other 
factors? 
Some might argue that it is better to treat younger people as they are most likely 
to benefit from treatment, and contribute to the economy by returning to work. 
However older people have contributed to the NHS all their lives, so it can be 
argued that they should be allowed a return on their investment in the NHS. 
Older people can still benefit in their last years of life, and joint replacement can 
be beneficial in terms of improved quality of life and lack of disability. 
Pressure to meet waiting time targets, means priority for surgery is based on meeting 
targets rather than clinical need 
It is a fundamental NHS principle that patients should be operated on in 
accordance with their clinical need. Most orthopaedic consultants do this, but an 
important minority mainly prioritise on a 'first come, first served' basis 200. This 
may be a reason for observed inequities in access to care for joint replacement. 
The NAO report on hip replacement 200 found that 10 per cent of orthopaedic 
consultants surveyed prioritise their patients mainly on the basis of the need to 
meet waiting time targets rather than in terms of clinical priority. The 
government's intention is to increase capacity, promote patient choice, and 
reduce waiting times, which it says will promote equity in access to care. Yet by 
focusing on reducing waiting times, patients are not being treated according to 
need, and instead the priority is to meet targets. This is having the opposite 
effect to what the government intends, and orthopaedic waiting time targets 
appear to be a potential cause of inequity in access to care. The British 
Orthopaedic Association found that in March 2001,52 out of 100 orthopaedic 
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units that responded to a survey had been asked to operate on long waiting time 
patients at the expense of more clinically urgent cases, and a third of consultants 
would re-prioritise a patient to meet waiting time targets. 
11.5.2. Care pathways and clinical scoring systems 
Patient care pathways and patient scoring systems should ensure that patients are 
appropriately referred to surgeons, on the basis of clinical need, fitness for surgery, and 
willingness. 
General practitioners take decisions on which patients to refer to a consultant for 
a specialist opinion. In some cases this will be to confirm a diagnosis, in others to 
consider the patient for surgery, and in others to seek assurance that surgery is 
not necessary. Consultant time is a scarce resource, and it is important that 
patients are referred to them appropriately. 
A National Audit Office (NAO) report found that 2w 10% of consultants had 25 
per cent or more of referrals to them by general practitioners that were 
inappropriate. This imposes an unnecessary burden on patients and wastes NHS 
resources. The report says that this is consistent with recent draft guidance from 
the Modernisation Agency, which suggests that between 10 and 40 per cent of 
referrals to orthopaedic consultants do not need a surgical opinion or do not 
need it until other treatment options have been tried. 
To address this, in December 2001, the National Institute for Clinical Excellence 
published referral advice on osteoarthritis of the hip in which they recommended 
that general practitioner referrals be based on a locally developed scoring system 
which takes account of levels of pain, extent of disability and sleeplessness, loss 
of independence, inability to undertake normal daily activities, reduced 
functional capacity or psychiatric illness. Such scoring systems can reduce the 
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level of inappropriate referrals. The Modernisation Agency is doing work to 
promote the use of scoring systems and to encourage greater provision of care by 
'GPs with Special Interest' in orthopaedics and by physiotherapists. 
The benefits of using a clinical scoring system for hip replacement referrals has 
been demonstrated by Torbay Hospital. The hospital considered that patients 
were being referred 'inappropriately' to consultants, with many not going on to 
have surgery. In collaboration with local primary care teams an intermediate 
assessment of patients prior to referral for hip/knee replacement surgery using 
the New Zealand hip pain scoring tool was implemented. All hip/ knee patients 
referred by GPs are seen by an assessor (an orthopaedic nurse) within 4 weeks of 
referral. Depending on the 'score', the patient is referred on to the consultant, or 
discharged back to the GP. Where a GP disagrees with the score they can refer 
direct to the consultant. Using the scoring tool reduced the number of referrals 
seen by consultants by 20 per cent in the first 6 months. The waiting time for all 
outpatients has also reduced overall, and it has led to improved patient 
understanding of their condition and what they can do to help themselves. It 
has 
also provided GPs with an alternative to referral when pressurised by patients to 
inappropriately refer them to secondary care. 
Toye et al state how although the New Zealand score has been developed 
through professional consensus in New Zealand to determine access to and 
priority for TJR, there is limited validity for the score 202. In the UK PCTs have 
begun using it to determine access to an orthopaedic surgeon, in an attempt to 
provide fairer access to care for those in need. They tested the convergent 
validity of this score and ascertained its ability to discriminate between groups of 
patients with high or low disease burden as determined by a validated disease- 
specific measure (WOMAC). The NZ score had moderate levels of convergent 
validity with WOMAC pain and function, suggesting it could be useful in 
determining priority for TKA. 
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The Musculoskeletal Services Framework 199 provides an example of a care 
pathway for adult patients with hip and knee pain. In the guidance on pre- 
listing for clinical assessment patients should not be listed for surgery unless 
medically fit and willing to undergo surgery, and that priority tools (scoring 
systems) can be useful in deciding urgency. The framework recommends that 
the current health status and needs of those with musculoskeletal conditions, 
should be assessed as part of a population needs assessment using current 
information sources on people with musculoskeletal conditions, in order to: 
- Understand the incidence/ prevalence of musculoskeletal disorders and 
health and healthcare inequalities; 
- Identify where patients are and their use of services; 
- Map services to identify areas of good practice and service gaps and 
bottlenecks; 
- Evaluate current clinical and other outcomes. 
These recommendations tie in with the work on local health equity audit carried 
out by PCTs, where need for joint replacement should be assessed, and adequate 
provision provided. Where inequity is observed, as demonstrated by this thesis, 
provision and resources can be redirected at the areas with greatest need. 
Currently there is no universally accepted criteria to determine the severity of 
osteoarthritis and appropriate indications for joint replacement. A number of 
different criteria have been developed such as Lequesne Index, New Zealand 
score and WOMAC. In the EUROHIP study Dreinhofer et al looked at 
differences of opinions between orthopaedic surgeons and their referring 
physicians on the indications for a primary THR in different European countries 
175. They found that referring physicians tended to think more often than 
surgeons that patients had to have more severe disease to warrant surgery. 
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Physicians put more emphasis on social issues and quality of life, whereas 
surgeons were more concerned with the extent of joint damage. This may be 
explained by the fact that the referring physicians have many non-surgical 
options, and treat the patient as a whole, whereas surgeons restrict themselves to 
surgically treat damaged joints. 
As GPs are the gatekeepers to surgery patients may be held back from getting 
surgery, that would be offered it if they saw a surgeon. Also the variations in the 
views of referring doctors could be a cause of inequities in access to surgery. So 
as there is a lack of consensus between referring physicians as to the appropriate 
level of severity and indications for THR, this may be a cause of inequity. 
Given uncertainty over indications for surgery and lack of clinical consensus, use 
of scoring systems or CATS may reduce disparities, as if GPs are uncertain they 
can refer for a specialist opinion without having to go directly to an orthopaedic 
surgeon, which is costly as consultant time is precious. 
How could older people be targeted and persuaded to have surgery? 
In the NSF for older people it says that General practitioners are required under 
their existing terms of service to offer an annual health check to their patients 
who are over 75. Ways of delivering this requirement vary between practices, 
however, and the Department of Health will need to consider with the GP 
professional bodies the best way of assessing the health of older people 
proactively in primary care. 
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11.6. Future research 
Dissemination of findings to local health planners 
Estimates of the need for, and provision of, hip and knee replacement surgery, 
produced in this thesis, could be used by local health planners for the purpose of 
ensuring they have adequate levels of provision to meet local health needs, and 
that these services are provided fairly across different socio-demographic groups. 
The results of this research could be presented to PCTs and other stakeholders 
who have the power to make changes and tackle problems of inequity. A key 
question is whether PCTs will have enough confidence in the findings of our 
research, to take action to tackle inequities and change the way resources are 
allocated, directing them at areas that need them most. Many commentators 
highlight that the one size fits all policy of the NHS does not work, as different 
areas have different health needs, and therefore require different levels of 
provision. Standardising provision across the country can lead to inequity. 
Hence by generating small area estimates of need, this should be useful in 
ensuring appropriate levels of provision of joint replacement surgery are 
provided based on need. But, if important stakeholders remain unconvinced by 
our research we need to ask them what further action it would take to make 
them understand the results. 
A potential limitation lies with using the ELSA dataset to estimate need for 
surgery. Health planners may argue that to decide on an appropriate level of 
provision for the area, we must adjust the estimate of need for how many are 
willing or actually want surgery. We do not know how many are willing, but 
other studies suggest that around a third of people would not accept joint 
surgery if offered. We have also not adjusted our estimates for potential co- 
morbidities that may preclude people from having surgery. Yet in those who are 
willing to have surgery, co-morbidities should not be a barrier to care given the 
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improvements in modem anaesthesia, operative techniques and prosthesis 
survival. However, policy makers must distinguish'clinical need' from 'patient 
wants' as providing services based just on who wants an operation leads to 
unfairness in accessing care. Hence estimating the actual burden of need 
(unadjusted for willingness) is important for monitoring equity, as willingness is 
a key factor in why inequity occurs. 
Based on the findings from this thesis, if health planners were to make changes to 
the way joint replacement surgery is provided in order to tackle inequity, they 
would want to repeat the analyses in the future to see if it has made a difference. 
A problem with doing this is that our estimate of need is based on ELSA data, 
and cannot be repeated in say a couple of year's time. So do we continue to use 
the existing estimate of need from this thesis in the future, with updated HES 
data on provision, when redoing equity analyses, or do we need further 
population needs assessments? This depends on whether we would expect need 
to change in the future, and this is likely so, as the population ages, becomes 
more obese, and advances in surgical techniques and prosthesis survival mean 
younger people are now considering and being offered surgery. A way forward 
would be to incorporate questions to estimate need for joint surgery (such as 
WOMAC or the New Zealand score) into the Health Survey for England, as this 
is updated annually. If stakeholders can be convinced this is an important area 
of research, and such estimates of need are required, then they are in a position 
to enforce such changes. The data on provision is also limited by not having 
information from the private sector. Disparities could potentially be far greater 
than we have demonstrated if it were to be included. Future analyses could 
attempt to include data on private sector provision, by obtaining the address of 
each private hospital performing joint replacement, and use crude ecological 
measures such as number of private hospitals in an area, or the number of beds 
they have, and incorporate these measures into the regression analysis. It is 
unlikely that private hospitals will be made to freely provide information as 
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detailed as the hospital admissions databases for NHS hospitals. Alternatively in 
future years the UK National Joint Registry could be used instead of the HES 
database to estimate provision. 
This raises another question as to who should actually reproduce these analyses 
in the future? The work done in this thesis producing small area estimates of 
need and provision, requiring the use of Bayesian software for statistical 
modelling of whether inequity exists is complicated. Hence it would be best if 
such work is contracted out to an academic unit with appropriate expertise. 
Some may also argue whether there is a need for such complicated statistical 
modelling, and whether simple comparisons or crude proxy estimates of need 
and provision could not be used instead if they can give us the same answers? 
Unfortunately simple comparisons are not adequate. If health planners are to 
make changes nationally to the levels of funding for joint replacement for local 
areas based on population needs assessment, or to take action commissioning 
interventions to reduce inequities in their areas, appropriate robust statistical 
methods must be used with the best available data on need and provision. 
There is also an issue of whether this work must be done locally or nationally. 
Government has decided that local health planners (PCTs) are responsible for 
assessing health needs and ensuring appropriate provision is provided. PCTs 
are also responsible for conducting health equity audits to ensure services are 
provided fairly. So the government clearly believes such work must be carried 
out locally, according to the priority of local health planners. Population needs 
assessments should be done locally, as our work has shown that the overall level 
of need for joint replacement varies geographically, but this is due to the 
demographic profile (age, sex, deprivation, rurality, ethnicity) of each local area. 
There are no factors beyond this to explain why need varies. Hence each local 
area will need its own assessment of their populations need for health planning. 
Our equity analyses showed the effect of inequity in each demographic group 
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was the same across the whole of England. So for example the fact there is age 
discrimination applies nationally, not just in some local areas. Hence policies to 
address inequity in access to joint replacement can be considered and set 
nationally. 
International comparisons of inequity in access to joint replacement 
Structural factors are important in explaining why inequities may exist. As part 
of this thesis we explored whether hospital trust characteristics were important 
structural factors in determining equity in access to care for joint replacement. 
But, looking beyond the UK, the type of healthcare system itself is also a 
structural factor to consider in attempting to explain why inequities exist. Whilst 
this is beyond the scope of the thesis, it is an important area for future research to 
understand the differences between different healthcare systems and why this 
may affect equity in access to care. There are four main types of healthcare 
system: Direct payment by patients; Private (voluntary) insurance (i. e. USA and 
Switzerland); Social Insurance (i. e. France, Germany); General tax funded (I. e. 
UK, Canada, Australia, Sweden). In healthcare systems such as the UK, 
inequities are assumed not to exist as there is free access to all at the point of use, 
yet there is good evidence that inequities persist. In other countries, evidence of 
inequity could be attributed to the model of health system; hence analyses of 
equity in countries such as the US restrict themselves to samples such as male 
Veterans Association (VA) patients who have free access to care. 
Developing a comprehensive list of important equity indicators 
In chapter 2 of the thesis we identified lists of potential indicators based on the 
most common procedures/ admissions in secondary care from HES, most 
common reasons for consultation from GP from MSGP4, and most costly 
procedures from NHS reference costs. It would be worth doing this more 
thoroughly, aiming to get a list of say three indicators per clinical specialty 
(orthopaedics, mental health, paediatrics etc) such that they cover a broad 
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spectrum of healthcare, allowing each specialty to monitor its own indicators of 
equity in access to healthcare. We could consider using Delphi approaches, to 
see what indicators are important to stakeholders, who have the power to 
introduce changes if inequities are observed. This is important, as by identifying 
conditions that are important to people in a position to take action, evidence of 
inequity in access to care for these conditions are more likely to be taken 
seriously. 
Exploring further equity indicators 
In this thesis we have only been able to explore inequity in access to care for one 
condition, joint replacement of the hip and knee. However there are many other 
important indicators that require monitoring, as identified in chapter 2. Through 
working on this thesis, we have begun exploring equity in access to Renal 
Replacement Therapy (RRT) (Haemodialysis, Peritoneal Dialysis, and 
Transplant). Using data from the UK Renal Registry, we have generated rates of 
provision of RRT by age, sex, deprivation, rurality and the ethnic mix of the area, 
using the same methodology as developed in Chapter 6 of the thesis for analysis 
of HES data. GIS software has been used to create catchment areas for the main 
renal units to express important renal unit characteristics (i. e. numbers of satellite 
units) as rates per 100,000 catchment population. GIS transportation software 
has been used to create measures of road distance and travel times. Renal unit 
characteristics and road travel times have then been adjusted for in Multilevel 
regression analyses to see how they affect rates of provision of RRT. We are in 
the process of obtaining general practice data from THIN to estimate the 
prevalence of stage 4&5 chronic kidney disease (CKD) as a proxy measure of 
need for RRT in general practice. Using methods developed in this thesis, we can 
then generate small area estimates of need and provision of RRT, and combine 
the estimates in a single regression model to explore whether equity in access to 
care for RRT exists. 
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It will be interesting to see whether inequity exists for a different indicator such 
as RRT. Inequity may only exist for certain conditions. For an indicator such as 
joint replacement whose aim is to reduce pain and disability and improve quality 
of life, that is not life threatening, and where there is time or scope to 
persuade/push a doctor to give better treatment, there is room for inequity to 
exist. For life threatening conditions such as RRT, cancer, appendicitis, or 
meningitis, we could reasonably expect not to see any inequity. Once diagnosed 
the patient would be referred and treated, unless they have presented at too late 
a stage for treatment. But, it is important to support such arguments with 
empirical evidence. 
For other important indicators such as Diabetes and CHD prevalence, work has 
already been done by Dr. Peter Congdon, generated small area estimates of need 
(see chapter 6). It would be worth collaborating with Dr. Congdon, by 
producing small area estimates of provision using HES data, and combining the 




This study has provided evidence of inequity in access to care for hip and knee 
replacement in England, by age, sex, deprivation, rurality and the ethnic mix of 
the area. It is the first study of its kind to combine two different sources of 
routine data on health needs and service use into a single statistical regression 
model to explore whether inequity exists. Geographical variation has been 
explored, and maps displaying the overall level of inequity in access to hip and 
knee replacement, in each district in England, produced. Our methodological 
approach using routine data sources allows analyses to be reproduced in the 
future using updated estimates of need and provision as part of a continual cycle 
of health equity audit. We found no evidence hospital characteristics and 
distance measures explained observed inequities, suggesting the causes of 
inequity may lie further down the care pathway at patient (willingness, fitness 
for surgery), or primary care level (physician bias). The data will be useful to 
health planners in monitoring equity in access to joint replacement surgery. 
Current government policies aimed at improving equity in access to care, are to: 
increase NHS spending to raise capacity for joint replacement surgery, thereby 
reducing waiting lists and giving patients choice about where and when to have 
their operation; and the use of clinical scoring systems to inform GP decision- 
making about who to refer for joint surgery in an attempt to provide fairer access 
for those in need. Such policies need monitoring to see if they have a beneficial 
or detrimental affect on equity. The methodology developed for this thesis can 
be applied in the future to monitor other important equity indicators. 
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Inclusion criteria for systematic review of inequity in access to healthcare for 
total joint replacement of the hip and knee 
Assessors name: 
Assessment date: 
Include es/no : 
A. Basic Information 
Al. Reference manager ID 
A2. Title 
Al Authors 
A4. Publication date 
A5. Journal 
A6. Indication 
(Hip, Knee, others 
B. Inclusion criteria 
B1. Is this an original 'journal article' or a'review' of existing research? 
B2. Has there been an attempt to estimate the overall level of 'need' 
for joint replacement of the hip or knee, in the general 
population? 
B3.1 Have a group (cohort) of people been identified that are in need 
of hip or knee replacement? 
B3.2 Have inequalities in the 'need' for joint replacement of the hip or 
knee been examined? 
B3.3 Has there been an attempt to determine 'inequity' in access to 
care for those in 'need' of joint replacement of the hip or knee, by 
determining whether they receive 'provision? 
B4. Have inequalities in the 'provision' of joint replacement of the 





Data extraction form for articles included in systematic review of inequity in 
access to healthcare for total joint replacement of the hip and knee 
Assessors name: 
Assessment date: 
A. Basic Information 
Al. Reference manager ID 
A2. Title 
A3. Authors 
A4. Publication date 
A5. Journal 
A6. Indication 
(Hi v, Knee, others 
B. dy design 
B1. What type of study is this (RCT, cohort, case-control, cross-sectional, 
ecological)? 
B2. How was data collected? 
B3. How many study participants? 
B4. What geographical area does the study cover? 
B5. What date was the data collected? 
B6. What is the primary aim of the study? 
B7. What were the secondary aims? 
C. Data 
C1. What outcome variables were collected? 
C2. What exposure variables were collected? 
C3. Any inclusion/ exclusion criteria? 
D. Measures of need 
Dl. Was there a measure of need? 
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D2. How was need measured? 
D3. Has need been measured according to different socio-demographic 
domains (age, sex, ethnicity, social class and/or area level deprivation, 
rurality)? 
D4. What statistical method was used to estimate need? 
D5. Summary of estimates of need mentioned in text of paper? 
E. Measures of provision 
El. Was there a measure of provision? 
E2. How was provision assessed? 
E3. Has provision been measured according to different socio-demographic 
domains (age, sex, ethnicity, social class and/or area level deprivation, 
rurality)? 
E4. What statistical method was used to estimate provision? 
E5. Summary of estimates of provision mentioned in text of paper? 
F. Assessment of inequity 
Fl. Has there been an attempt to determine inequity es no ? 
F2. What statistical method was used? 





Priority criteria for major joint replacement (maximum score 100) 
Clinical features Score 
Pain (40%) 
Degree (patient must be on maximum medical therapy at time of rating): 
None 0 
Mild: slight or occasional pain; patient has not altered patterns of 4 
activity or work 
Mild-moderate: moderate or frequent pain; patient has not altered 6 
patterns of activity or work 
Moderate: patient is active but has had to modify or give up some 9 
activities because of pain 
Moderate-severe: fairly severe pain with substantially limited activities 14 
Severe: major pain and serious limitation 20 
Occurrence: 
None or with first steps only 0 
Only after long walks (30 minutes) 4 
With all walking, mostly day pain 10 
Significant, regular night pain 20 
Functional activity (20%) 
Time walked: 
Unlimited 0 
31-60 minutes (eg longer shopping trips to mall) 2 
11-30minutes (eg gardening, grocery shopping) 4 
2-10 minutes (eg trip to letter box) 6 
<2 minutes or indoors only (more or less house bound) 8 
Unable to walk 10 
Other functional limitations (eg putting on shoes, managing stairs, sitting to 







Movement and deformity (20%) 






Other abnormal findings (limited to orthopaedic problems eg reduced range of 





Other factors (20%) 
Multiple joint disease: 
No, single joint 0 
Yes, each affected joint mild: moderate in severity 4 
Yes, severe involvement (eg severe rheumatoid arthritis) 10 
Ability to work, give care to dependants, live independently (difficulty must be 
related to affected joint): 
Not threatened or difficult 0 
Not threatened but more difficult 4 
Threatened but not immediately 6 





Map displaying the 354 districts in England 
This work is based on data provided through EDINA UKBORDERS with the support of the ESRC 
and JISC and uses boundary material which is copyright of the Crown. 
© Crown Copyright/ database right 2007. An Ordnance Survey/EDINA supplied service. 
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Map displaying the 7969 CASwards in England 
This work is based on data provided through EDINA UKBORDERS with the support of the ESRC 
and JISC and uses boundary material which is copyright of the Crown. 




How to create NZ score for people attending clinical assessment due to hip 
pain 
Selecting a cohort of subjects on which to create a NZ score 
Only select patients if: 
- Patients responding positively to the HANES question in the screening 
questionnaire (3169 patients). 
Q1. "During the past 12 months, have you had pain in or around either of your 
hips on most days for one month or longer? - Yes, No" 
AND 
- [Patients completed the Arthritis questionnaire (2680 patients) 
OR 
- Patients completed the Service Utilisation Questionnaire (2616 patients)] 
This gave a cohort of 1405 patients. 
Calculate maximum Visual Analogue Scale (VAS) score 
- Arthritis Questionnaire; Hip Questionnaire; Q8a; 
Q8a. "VAS: Could you fill in one of these forms which represents the overall pain 
you have had over the past month in your [right/left] hip during the [day/night]. " 
- Patients completed the VAS score up to 3 times, for each combination 
right/left hip during the day/night. 
- Calculate the maximum VAS score for right hip during the day. 
- Calculate the maximum VAS score for left hip during the day. 
Flag which joints have been troubling patients 
- Arthritis Questionnaire; Current Arthritis Profile (CAP); Q1b; 
Q1b. "Which joints have troubled you most over the past month? 1=Right Hip, 
2=Left Hip, 3=Right Knee, 4=Left Knee. " 
-A patient can list up to 5 joints that are troubling them. 
- Create flags to see if joints troubling patients were: 
o Right Hip 
o Left Hip 
o Right Knee 
o Left Knee 
Flag patients with pain in the [right/left] hip in the last 12 months during the [day/night] 
lasting for: 1 month or more, or between 14 and 28 days 
- Arthritis Questionnaire; Hip Questionnaire; Q6a; 
Q6a. "In the past 12 months, have you had pain in or around your [right/left] hip 
on most days for 1 month or longer, during the [day/night]? 1=Yes, 2=No. " 
Q6b. If NO to Q6a, "What is the longest period of time in days that you have had 




- Flag those who have had pain in their left hip, during either the day or 
night, for 1 month or longer, or between 14 and 28 days. 
- Flag those who have had pain in their right hip, during either the day or 
night, for 1 month or longer, or between 14 and 28 days. 
Flag patients taking drugs for hip pain during the night in the past month 
- Arthritis Questionnaire; Current Arthritis Profile (CAP); Q2b; 
Q2a. "Have you taken any tablets or medications in the past month? -1=Yes, 
2=No. " 
Q2bii. "Which joint did you take them for? 1=Right Hip, 2=Left Hip, 3=Right 
Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
Q2biii. "Do you take them for pain during the day or night? 1=Day, 2=Night, 
3=Day and night. " 
- Patients can list up to 7 drugs. 
- Each drug can be for up to 5 different joints. 
- Flag patients taking drugs for right hip pain (includes both hips) during 
the night (includes code for day and night). 
- Flag patients taking drugs for left hip pain (includes both hips) during the 
night (includes code for day and night). 
Flag patients with hip pain [right/left] during the night in the past month 
- Arthritis Questionnaire; Hip Questionnaire; Q8f; 
Q8f. "Have you had pain in your [right/left] hip during the [day/night] during 
the past month? 1=Yes, 2=No. " 
- Include only if patients responded to Q8a (HANES question) in hip 
questionnaire. 
- Flag patients with right hip pain at night during the past month. 
- Flag patients with left hip pain at night during the past month. 
Activities of daily living (ADL): 
- Difficulty putting on shoes, stockings or socks? 
o Arthritis Questionnaire; Activities of Daily Living; Q18d; 
Q18di. "Do you have difficulty culty putting on shoes, stockings or socks? 
1=No difficulty, 2=Yes, a little difficulty, 3=Yes, a moderate amount of 
difficulty, 4=Yes, a lot of difficulty, 5=I need help from aids or a person, 
6=Other, 8=1 am totally unable to do. " 
Q18diii. "Why do you have difficulty? 1=Right Hip, 2=Left Hip, 
3=Right Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
o Flag patients that do have difficulty, due to right hip (includes both 
hips). 
o Flag patients that do have difficulty, due to left hip (includes both 
hips). 
- Difficulty getting in or out of the bath? 
o Arthritis Questionnaire; Activities of Daily Living; Q18e; 
Q18ei. "Are you able to get in and out of the bath? 1=Yes without any 
difficulty, 2=Yes, a little difficulty, 3=Yes, a moderate amount of 
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difficulty, 4= Yes, a lot of difficulty, 5=1 need help from aids or a person, 
6=No bath, 7=Other, 8=1 am totally unable to do. " 
Q18eiii. "Why do you have difficulty? 1=Right Hip, 2=Left Hip, 3=Right 
Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
o Flag patients that do have difficulty, due to right hip (includes both 
hips). 
o Flag patients that do have difficulty, due to left hip (includes both 
hips). 
Difficulty going up steps or stairs inside the house? 
o Arthritis Questionnaire; Activities of Daily Living; Q18b; 
Q18bii. "Can you go up steps or stairs (insid%utsidel the house without 
any help? -1=Yes without any difficulty, 2=Yes with a little difficulty, 
3=Yes moderate amount of difficulty, 4=Yes a lot of difficulty, 5=I need 
help from aids or a person, 6=Other aids/gadgets. " 
Q18biv. "Why do you have difficulty? 1=Right Hip, 2=Left Hip, 3=Right 
Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
o Flag patients that do have difficulty, due to right hip (includes both 
hips). 
o Flag patients that do have difficulty, due to left hip (includes both 
hips). 
Create flags to say whether patients have: 
o Difficulty with at least 1 ADL 
o Difficulty with at least 2 ADLS 
o Difficulty with all ADLS 
NZ Score: Pain (40%) 
NZ Score: Degree of Pain: 
None (0) 
Mild: slight or occasional pain; patient has not altered patterns of activity 
or work (4) 
Mild-moderate: moderate or frequent pain; patient has not altered 
patterns of activity or work (6) 
Code degree of pain as 6 for patients with pain in the [right/left] hip in the last 12 months 
during the [day/night] lasting for: 1 month or more 
Arthritis Questionnaire; Hip Questionnaire; Q6a; 
Q6a. "In the past 12 months, have you had pain in or around your [right/left] hip 
on most days for 1 month or longer, during the [day/night]? 1=Yes, 2=No. " 
Flag those who have had pain in their left hip, during either the day or 
night, for 1 month or longer. 
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- Flag those who have had pain in their right hip, during either the day or 
night, for 1 month or longer. 
- Moderate: patient is active but has had to modify or give up some 
activities because of pain (9) 
Code degree of pain as 9 if patient has a maximum VAS score of 8 
- Moderate-severe: fairly severe pain with substantially limited activities 
(14) 
Code degree of pain as 14 if patient has a maximum VAS score of 9 
- Severe: major pain and serious limitation (20) 
Code degree of pain as 20 if patient has a maximum VAS score of 10 
NZ Score: Occurrence of Pain: 
- None or with first steps only (0) 
- Only after long walks (30 minutes) (4) 
Code patients as 4 if they have NO pain when they start to walk, but have pain after 30 
minutes or more. 
Arthritis Questionnaire; Mobility Questionnaire; Q17c; 
Q17ci. "During the past month, have you had pain when you start to move or 
walk? 1=Yes when I start, but pain goes away completely, 2=Yes when I start, 
but pain goes away but comes back again, 3=Yes when I start, then pain stays the 
same, 4=Yes when I start, but then pain gets worse, 7=Yes when I start, then gets 
less but remains there while I walk, 5=No pain is not there when I start to move 
or walk, 6=No, pain is there even before I start to move or walk. " 
Q17e. "If you were to start walking now on flat ground at your normal walking 
pace, how long would it be before you felt pain which would make you want to 
stop? - Code in minutes 
Select patients who have no pain when they start to move or walk 
(Q17ci=5), but have pain after 30 minutes of more. 
[Does not specify whether pain is in hips. ] 
- With all walking, mostly day pain (10) 
Code patients as 10 if. 
- [Feel pain before 30 minutes when walking on flat ground (Q17e) OR 
- Have pain when start to move or walk (Q17ci=1,2,3,4,6,7)] AND 
- Have NOT taken drugs for hip pain at night during the past month (Q2b) 
- Significant, regular night pain (20) 
Code patients as 20 if 
- Had any pain in the hip during the night in the past month (Q8J) AND 
- Have taken drugs for hip pain at night during the past month (Q2b) 
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NZ Score: Functional Activity (20%) 
NZ Score: Time walked 
- Unlimited (0) 
- 31-60 minutes (e. g. longer shopping trips to mall) (2) 
Code patients as 2, if length of time patient can walk on a flat surface without feeling 
pain is between 31 and 60 minutes (Q17e). 
- 11-30 minutes (e. g. gardening, grocery shopping) (4) 
Code patients as 4, if length of time patient can walk on a flat surface without feeling 
pain is between 11 and 30 minutes (Q17e). 
- 2-10 minutes (e. g. trip to letter box) (6) 
Code patients as 6, if length of time patient can walk on a flat surface without feeling 
pain is between 2 and 10 minutes (Q17e). 
-<2 minutes (e. g. more or less housebound) (8) 
Code patients as 8, if length of time patient can walk on a flat surface without feeling 
pain is between 0 and 2 minutes (Q17e). 
- Unable to walk (10) 
Code patients as 10, if length of time patient can walk on a flat surface without feeling 
pain is 0 minutes (Q17e). 
NZ Score: Other functional limitations (e. g. putting on shoes, managing stairs, sitting to 
standing, sexual activiW, recreation or hobbies, walking aids needed) 
- None (0) 
- Mild (2) 
Code patients as 2 if they have difficulty with at least one ADL. 
- Moderate (4) 
Code patients as 4 if they have difficulty with at least two ADLs. 
- Severe (10) 
Code patients as 10 if they have difficulty with all ADLs. 
NZ Score: Movement and deformity (20%) 
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- Arthritis Questionnaire; Orthopaedic Examination Questionnaire; Hip 
Section; Movement; Q3; 
Q3vi. "Does flexion, abduction, aduction, internal/external rotation lead to pain 
in the hip? O=No pain, l0=worst pain. " 
- Score is recorded for both left and right hip separately. 
- Calculate the overall mean pain score on examination for a patient. 
- Arthritis Questionnaire; Orthopaedic Examination Questionnaire; Hip 
Section; Movement; Q3; 
Q3v. "Is there any pain or discomfort due to flexion, abduction, aduction, 
internal/external rotation? - O=No" 
- Set mean pain score on examination to be 0 if no pain. 
NZ Score: Pain on examination (overall results are both active and passive range of 
motion : 
- None (0) 
- Mild (2) 
Code patients as 2 if mean pain score on examination in hip is between I and 3. 
- Moderate (5) 
Code patients as 5 if mean pain score on examination in hip is between 4 and 7. 
- Severe (10) 
Code patients as 10 if mean pain score on examination in hip is between 8 and 10. 
- Arthritis Questionnaire; Orthopaedic Examination Questionnaire; Hip 
Section; Q3; 
Q3vi. "Maximum degrees of movement inflexion, abduction, aduction, 
internal/external rotation? - code in degrees. " 
- Movement variables are recorded separately for right and left 
hips. 
- Flag patients where: 
o Max flexion < 120 degrees OR 
o Max abduction < 40 degrees OR 
o Max aduction < 25 degrees OR 
o Max internal/ external rotation < 45 degrees 
- Arthritis Questionnaire; Orthopaedic Examination Questionnaire; Hip 
Section; Q1; 
Q1. "Hip inspection. Presence of a limp? -1=None, 2=Slight, 3=Moderate, 
4=Severe, 5= Unable to walk, " 
- Create a limp variable where: 
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o 1=Slight limp due to hip 
o 2=Moderate limp due to hip 
o 3=Severe limp/unable to walk due to hip 
Arthritis Questionnaire; Orthopaedic Examination Questionnaire; Hip 
Section; Movement; Q3; 
Q3ii. "Fixed deformity in flexion, abduction, aduction, internal/external 
rotation? -1=Yes, 2=No. " 
NZ Score: Other abnormal findings (limited to orthopaedic problems e. g. 
reduced range of motion, deformity, limp, instability, progressive x-ray 
findings): 
- None (0) 
- Mild (2) 
Code patient as 2 if. " 
Fixed flexion deformity, OR 
Slight limp, OR 
Max Degrees of flexion is <120 OR 
Max degrees of abduction is <40 OR 
Max degrees of adduction is < 25 OR 
Max degrees of internal/external rotation is < 45 
- Moderate (5) 
Code patient as 5 if., 
Moderate limp OR 
Fixed flexion deformity AND 
[Max Degrees of flexion is <120 OR 
Max degrees of abduction is <40 OR 
Max degrees of adduction is < 25 OR 
Max degrees of internal/external rotation is < 45J 
- Severe (10) 
Code patient as 10 if 
Severe limp/unable to walk OR 
[Any sort of limp mild or severe AND 
Fixed flexion deformity AND 
[Max Degrees of flexion is <120 OR 
Max degrees of abduction is <40 OR 
Max degrees of adduction is < 25 OR 
Max degrees of internal/external rotation is < 45]] 
NZ Score: Other factors (20%) 
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NZ Score: Multiple joint disease 
- No, single joint (0) 
Code patient as 0 if only a single joint is affected (e. g. right hip, NOT left hip, right knee 
or left knee) 
- Yes, each affected joint mild: moderate in severity (4) 
Code patient as 4 if multiple joints are affected (e. g. right hip, AND left hip, right knee or 
left knee) 
- Yes, severe involvement (e. g. rheumatoid arthritis) (10) 
Arthritis Questionnaire; Current Arthritis Profile (CAP); Qla; 
Q1a. "Have you ever been told by a doctor that you have some sort of arthritis 
such as - 6=Rheumatoid arthritis, 7=Ankylosing spondylitis, 8=Reiters, 9=SLE 
(Lupus), 10=Polymyalgia rheumatica, 11=Psoriatic arthritis, 12=Gout. 
Patient can list up to 6 types of arthritis. 
Code patient as 10 if. " 
Patients have pain in the (right/left] knee in the last 12 months during the [day/night] 
lasting for: 1 month or more, or between 14 and 28 days AND 
Patient has (Co-existing RA OR ankylosing spondylitis OR reiters syndrome OR Sle 
(lupus) OR Polymyalgia rheumatica OR Psoriatic arthritis OR gout) 
NZ Score: Ability to work, give care to dependants, live independently (di rculhf must be 
related to affected joint) 
- Not threatened or difficult (0) 
- Not threatened but more difficult (4) 
Arthritis Questionnaire; Mobility section; Q17a; 
Q17ai. "During the past month, which of the following do you usually use when 
you walk about inside the house? -1=One walking stick most of the time, 2=One 
walking stick some of the time, 3=Two walking sticks, 4=Two crutches, 
5=Walking frame/zimmer, 6=Wheelchair, 7=Buggy, 8=Other, 9=No walking 
aids. " 
Patient can list up to three options. 
Q17aii. "Why do you use it? -1=Right Hip, 2=Left Hip, 3=Right Knee, 4=Left 
Knee, 5=Both Hips, 6=Both Knees. " 
Patient can list up to three options. 
Code patient as 4 if they use walking sticks due to knee. 
- Threatened but not immediately (6) 
425 
Appendices 
- Arthritis questionnaire; Activities of daily living; Q18; 
Q18dii. "When you usually put on shoes, stockings or socks, do you need any of 
the following help? -1=Gadget or dressing aid, 2=Help from another person, 
3=No help necessary, 5=No help available, 4=Other. " 
Q18diii. "Why do you have difficulty? -1=Right Hip, 2=Left Hip, 3=Right 
Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
Q18eii. "When you usually have a bath, do you need any of the following help? - 
1=Bath handles, 2=Other bath aids, 3=Help from another person, 5=Avoid 
having bath - could not do, 6=No help necessary, 8=No help available". 
Q18eiii. "Why do you have difficulty? -1=Right Hip, 2=Left Hip, 3=Right 
Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
Code patient as 6 if. 
Patient must use bath aids to get in or out of the bath because of hip OR 
Patient avoids/cannot have a bath because of hip OR 
Patient must use a gadget or dressing aid to put on shoes because of hip OR 
Patient needs help from another person to put on shoes because of hip 
- Immediately threatened (10) 
- Arthritis questionnaire; general questionnaire; Q3c; Q4c; 
Q3c. If patient has said they need help f rom someone else to [walk down the road, 
getting up or down steps, getting around the house, getting in or out of bed, 
getting in or out of a chair, washing yourself all over, washing your hands and 
face, dressing or undressing, feeding yourself, using the toilet], who usually helps 
you do these things? -1=No one, 2=Spouse, 3=Daughter or son, 4=Other 
relative, 5=Friend or neighbour, 6=Voluntary worker, 7=NHS/social services, 
8=Paid help, 9=Other. " 
Q4c. If patient has said they need help from someone else to [prepare a hot meal, 
prepare a snack, make a cup of tea, wash up and dry dishes, use a vacuum cleaner, 
clean windows, wash small amounts of clothing, do household shopping, deal with 
personal affairs], who usually helps you do these things? -1=No one, 2=Spouse, 
3=Daughter or son, 4=Other relative, 5=Friend or neighbour, 6= Voluntary 
worker, 7=NHS/social services, 8=Paid help, 9=0ther. " 
Code patients as 10 if. 
They get help from someone to do any of the tasks listed OR 




How to create NZ score for people attending clinical assessment due to knee 
pain 
Selecting a cohort of subjects on which to create a NZ score 
Only select patients if: 
- Patients responding positively to the HANES question in the screening 
questionnaire (4799 patients). 
Q1. "During the past 12 months, have you had pain in or around either of your 
knees on most days for one month or longer? - Yes, No" 
- Patients completed the Arthritis questionnaire (2680 patients). 
This gave a cohort of 2103 patients. 
Calculate maximum Visual Analogue Scale (VAS) score 
- Arthritis Questionnaire; Knee Questionnaire; Q14a; 
Q14a. "VAS: Could you fill in one of these forms which represents the overall 
pain you have had over the past month in your [right/left] knee during the 
[day/night]. " 
- Patients completed the VAS score up to 3 times, for each combination 
right/ left knee during the day/night. 
- Calculate the maximum VAS score for right knee during the day. 
- Calculate the maximum VAS score for left knee during the day. 
Flag zvhicli joints have been troubling patients 
- Arthritis Questionnaire; Current Arthritis Profile (CAP); Qlb; 
Q1b. "Which joints have troubled you most over the past month? 1=Right Hip, 
2=Left Hip, 3=Right Knee, 4=Left Knee. " 
-A patient can list up to 5 joints that are troubling them. 
- Create flags to see if joints troubling patients were: 
o Right Hip 
o Left Hip 
o Right Knee 
o Left Knee 
Flag patients with pain in the [right/left] knee in the last 12 months during the 
[day/night] lasting for: I month or more, or between 14 and 28 days 
- Arthritis Questionnaire; Knee Questionnaire; Q12a; 
Q12a. "In the past 12 months, have you had pain in or around your [right/left] 
knee on most days for I month or longer, during the [day/night]? 1=Yes, 2=No. " 
Q12b. If NO to Q12a, "What is the longest period of time in days that you have 
had pain in or around your [right/left] knee during the [day/night] in the past 12 
months? " 
- Flag those who have had pain in their left knee, during either the day or 
night, for 1 month or longer, or between 14 and 28 days. 
- Flag those who have had pain in their right knee, during either the day or 
night, for 1 month or longer, or between 14 and 28 days. 
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Flag patients taking drugs for knee pain during the night in the past month 
- Arthritis Questionnaire; Current Arthritis Profile (CAP); Q2b; 
Q2a. "Have you taken any tablets or medications in the past month? -1=Yes, 
2=No. " 
Q2bii. "Which joint did you take them for? 1=Right Hip, 2=Left Hip, 3=Right 
Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
Q2biii. "Do you take them for pain during the day or night? 1=Day, 2=Night, 
3=Day and night. " 
- Patients can list up to 7 drugs. 
- Each drug can be for up to 5 different joints. 
- Flag patients taking drugs for right knee pain (includes both knees) 
during the night (includes code for day and night). 
- Flag patients taking drugs for left knee pain (includes both knees) during 
the night (includes code for day and night). 
Flag patients with knee pain [right/left] during the night in the past month 
- Arthritis Questionnaire; Knee Questionnaire; Q14f; 
Q14f. "Have you had pain in your [right/left] knee during the [day/night] during 
the past month? 1=Yes, 2=No. " 
- Include only if patients responded to Q12a (HANES question) in knee 
questionnaire. 
- Flag patients with right knee pain at night during the past month. 
- Flag patients with left knee pain at night during the past month. 
Activities of daily living (ADL): 
- Difficulty putting on shoes, stockings or socks? 
o Arthritis Questionnaire; Activities of Daily Living; Q18d; 
Q18di. "Do you have difficulty putting on shoes, stockings or socks? 
1=No difficulty, 2=Yes, a little difficulty, 3=Yes, a moderate amount of 
difficulty, 4= Yes, a lot of difficulty, 5=1 need help from aids or a person, 
6=Other, 8=1 am totally unable to do. " 
Q18diii. "Why do you have difficulty? 1=Right Hip, 2=Left Hip, 
3=Right Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
o Flag patients that do have difficulty, due to right knee (includes 
both knees). 
o Flag patients that do have difficulty, due to left knee (includes both 
knees). 
Difficulty getting in or out of the bath? 
o Arthritis Questionnaire; Activities of Daily Living; Q18e; 
Q18ei. "Are you able to get in and out of the bath? 1=Yes without any 
difficulty, 2=Yes, a little difficulty, 3=Yes, a moderate amount of 
difficulty, 4=Yes, a lot of difficulty, 5=I need help from aids or a person, 
6=No bath, 7=Other, 8=1 am totally unable to do. " 
Q18eiii. "Why do you have difficulty? 1=Right Hip, 2=Left Hip, 3=Right 
Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
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o Flag patients that do have difficulty, due to right knee (includes 
both knees). 
o Flag patients that do have difficulty, due to left knee (includes both 
knees). 
Difficulty going down steps or stairs inside the house? 
o Arthritis Questionnaire; Activities of Daily Living; Q18c; 
Q18cii. "Can you go down steps or stairs [insid%utside] the house 
without any help? -1=Yes without any difficulty, 2=Yes with a little 
difficulty, 3=Yes moderate amount of difficulty, 4=Yes a lot of difficulty, 
5=1 need help from aids or a person. " 
Q18civ. "Why do you have difficulty? 1=Right Hip, 2=Left Hip, 3=Right 
Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
o Flag patients that do have difficulty, due to right knee (includes 
both knees). 
o Flag patients that do have difficulty, due to left knee (includes both 
knees). 
Difficulty standing up from a chair without arms? 
o Arthritis Questionnaire; Activities of Daily Living; Q18a; 
Q18ai. "Thinking about a standard dining room chair with no arms, can 
you stand up from such a chair without any help at all? 1=Yes without 
any difficulty, 2=Yes, a little difficulty, 3=Yes, a moderate amount of 
difficulty, culty, 4=Yes, a lot of difficulty, 5=1 need help from aids or a person, 
6=Avoid such a chair - could not do. " 
Q18aiii. "Why do you have difficulty? 1=Right Hip, 2=Left Hip, 3=Right 
Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
o Flag patients that do have difficulty, due to right knee (includes 
both knees). 
o Flag patients that do have difficulty, due to left knee (includes both 
knees). 
- Create flags to say whether patients have: 
o Difficulty with at least 1 ADL 
o Difficulty with at least 2 ADLS 
o Difficulty with all ADLS 
NZ Score: Pain (40%) 
NZ Score: Degree of Pain: 
- None (0) 
- Mild: slight or occasional pain; patient has not altered patterns of activity 
or work (4) 
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- Mild-moderate: moderate or frequent pain; patient has not altered 
patterns of activity or work (6) 
Code degree of pain as 6 for patients with pain in the [right/left] knee in the last 12 
months during the [day/night] lasting for: 1 month or more 
- Arthritis Questionnaire; Knee Questionnaire; Q12a; 
Q12a. "In the past 12 months, have you had pain in or around your [right/left] 
knee on most days for 1 month or longer, during the [day/night]? 1=Yes, 2=No. " 
- Flag those who have had pain in their left knee, during either the day or 
night, for 1 month or longer. 
- Flag those who have had pain in their right knee, during either the day or 
night, for 1 month or longer. 
- Moderate: patient is active but has had to modify or give up some 
activities because of pain (9) 
Code degree of pain as 9 if patient has a maximum VAS score of 8 
- Moderate-severe: fairly severe pain with substantially limited activities 
(14) 
Code degree of pain as 14 if patient has a maximum VAS score of 9 
- Severe: major pain and serious limitation (20) 
Code degree of pain as 20 if patient has a maximum VAS score of 10 
NZ Score: Occurrence of Pain: 
- None or with first steps only (0) 
- Only after long walks (30 minutes) (4) 
Code patients as 4 if they have NO pain when they start to walk, but have pain after 30 
minutes or more. 
Arthritis Questionnaire; Mobility Questionnaire; Q17c; 
Q17ci. "During the past month, have you had pain when you start to move or 
walk? 1 =Yes when I start, but pain goes away completely, 2=Yes when I start, 
but pain goes away but comes back again, 3=Yes when I start, then pain stays the 
same, 4=Yes when I start, but then pain gets worse, 7=Yes when I start, then 
gets less but remains there while I walk, 5=No pain is not there when I start to 
move or walk, 6=No, pain is there even before I start to move or walk. " 
Q17e. "If you were to start walking now on flat ground at your normal walking 
pace, how long would it be before you felt pain which would make you want to 
stop? - Code in minutes 
Select patients who have no pain when they start to move or walk 
(Ql7ci=5), but have pain after 30 minutes of more. 
[Does no specify whether pain is in knees. ] 
- With all walking, mostly day pain (10) 
Code patients as 10 if: 
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[Feel pain before 30 minutes when walking on flat ground (Q17e) OR 
Have pain when start to move or walk (Q17ci=1,2,3,4,6,7)] AND 
Have NOT taken drugs for knee pain at night during the past month (Q2b) 
- Significant, regular night pain (20) 
Code patients as 20 if. 
Had any pain in the knee during the night in the past month (Q14J) AND 
Have taken drugs for knee pain at night during the past month (Q2b) 
NZ Score: Functional Activity (20%) 
NZ Score: Time walked 
- Unlimited (0) 
- 31-60 minutes (e. g. longer shopping trips to mall) (2) 
Code patients as 2, if length of time patient can walk on a flat surface without feeling 
pain is between 31 and 60 minutes (Q1 7e). 
- 11-30 minutes (e. g. gardening, grocery shopping) (4) 
Code patients as 4, if length of time patient can walk on a flat surface without feeling 
pain is between 11 and 30 minutes (Q1 7e). 
- 2-10 minutes (e. g. trip to letter box) (6) 
Code patients as 6, if length of time patient can walk on a flat surface without feeling 
pain is between 2 and 10 minutes (Q17e). 
-<2 minutes (e. g. more or less housebound) (8) 
Code patients as 8, if length of time patient can walk on a flat surface without feeling 
pain is between 0 and 2 minutes (Q17e). 
- Unable to walk (10) 
Code patients as 10, if length of time patient can walk on a flat surface without feeling 
pain is 0 minutes (Q17e). 
NZ Score: Other functional limitations (e. g. putting on shoes, managing stairs, sitting to 
standing, sexual activity, recreation or hobbies, walking aids needed) 
- None (0) 
- Mild (2) 
Code patients as 2 if they have difficulty with at least one ADL. 
- Moderate (4) 
Code patients as 4 if they have difficulty with at least two ADLs. 
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- Severe (10) 
Code patients as 10 if they have difficulty with all ADLs. 
NZ Score: Movement and deformity (20%) 
- Arthritis Questionnaire; Orthopaedic Examination Questionnaire; Knee 
Section; Movement; Q4; 
- Q4v. "Does flexion/extension lead to pain in or around the knee? O=No pain, 
10=worst pain. " 
- Q4vi. "Does flexion/extension in forced valgus lead to pain in or around the 
knee? O=No pain, 10=worst pain. " 
- Q4vii. "Does flexion/extension in forced varus lead to pain in or around the 
knee? O=No pain, 10=worst pain. " 
- Score is recorded for both left and right knee separately. 
NZ Score: Pain on examination (overall results are both active and passive range of 
motion : 
- None (0) 
- Mild (2) 
Code patients as 2 if flexion/extension (anywhere/forced valgus/forced varus) leads to 
pain in knee between 1 and 3. 
- Moderate (5) 
Code patients as 5 if flexion/extension (anywhere/forced valgus/forced varus) leads to 
pain in knee between 4 and 7. 
- Severe (10) 
Code patients as 10 if flexion/extension (anywhere/forced valgus/forced varus) leads to 
pain in knee between 8 and 10. 
Arthritis Questionnaire; Orthopaedic Examination Questionnaire; Knee 
Section; Stability; Q5; 
Q5i. "Lateral Ligament. -1=Intact, 2=Mildly loose, 3=Max loose, 4=Markedly 
loose, 8=Unable to test. " 
Q5ii. "Medial Ligament. -1=Intact, 2=Mildly loose, 3=Max loose, 4=Markedly 
loose, 8=Unable to test. " 
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Q5iii. "Anterior drawer. -1=None, 2=<5mm, 3=6-9mm, 4=10+mm, 8=Unable 
to test. " 
Stability variables are recorded separately for right and left knees. 
Create a variable of stability where: 
o0= lateral ligament AND medial ligament are intact AND no 
anterior drawer 
o1= lateral ligament OR medial ligament are mildly loose OR 
anterior drawer is less than 5mm 
o2= lateral ligament OR medial ligament are max loose OR anterior 
drawer is 6mm to 8mm 
o3= lateral ligament OR medial ligament are markedly loose OR 
anterior drawer is 10mm or greater 
- Arthritis Questionnaire; Orthopaedic Examination Questionnaire; Knee 
Section; Movement; Q4; 
Q4ii. "Degrees of fixed flexion? - code in degrees" 
- Motion variables are recorded separately for right and left knees. 
- Create a variable of degrees of fixed flexion where: 
o0= No Fixed flexion 
o1= Degrees of fixed flexion is between 2 and 87 degrees 
- Arthritis Questionnaire; Orthopaedic Examination Questionnaire; Knee 
Section; Movement; Q4; 
Q4iv. "Maximum degrees of flexion? - code in degrees" 
- Motion variables are recorded separately for right and left knees. 
- Create a variable of maximum degrees of flexion where: 
o0= Maximum flexion greater than 135 degrees 
o1= Maximum flexion is less than 135 degrees 
NZ Score: Other abnormal findings (limited to orthopaedic problems e. g. reduced range 
of motion, deformity, limp, instability, progressive x-rayfindings): 
- None (0) 
- Mild (2) 
Code patient as 2 if 
Maximum flexion is less than 135 degrees OR 
Lateral ligament is mildly loose OR 
Medial ligament is mildly loose OR 
Anterior drawer is less than 5mm OR 
Degrees of fixed flexion is between 2 and 87 
- Moderate (5) 
Code patient as 5 if 
Lateral ligament is max loose OR 
Medial ligament is max loose OR 
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Anterior drawer is 6mm to 8mm OR 
[Maximum flexion is less than 135 degrees AND 
Degrees of fixed flexion is between 2 and 87] 
- Severe (10) 
Code patient as 10 if 
Lateral ligament is markedly loose OR 
Medial ligament is markedly loose OR 
Anterior drawer is 10mm or greater 
NZ Score: Other factors (20%) 
NZ Score: Multiple joint disease 
- No, single joint (0) 
Code patient as 0 if only a single joint is affected (e. g. right knee, NOT left knee, right hip 
or left hip) 
- Yes, each affected joint mild: moderate in severity (4) 
Code patient as 4 if multiple joints are affected (e. g. right knee, AND left knee, right hip 
or left liip) 
- Yes, severe involvement (e. g. rheumatoid arthritis) (10) 
- Arthritis Questionnaire; Current Arthritis Profile (CAP); Qla; 
Qia. "Have you ever been told by a doctor that you have some sort of arthritis 
such as - 6=Rheumatoid arthritis, 7=Ankylosing spondylitis, 8=Reiters, 9=SLE 
(Lupus), 10=Polymyalgia rheumatica, 11=Psoriatic arthritis, 12=Gout. 
- Patient can list up to 6 types of arthritis. 
Code patient as 10 if. 
Patients have pain in the [right/left] knee in the last 12 months during the [day/night] 
lasting for: 1 month or more, or between 14 and 28 days AND 
Patient has (Co-existing RA OR ankylosing spondylitis OR reiters syndrome OR Sle 
(lupus) OR Polymyalgia rheumatica OR Psoriatic arthritis OR gout) 
NZ Score: Ability to work, give care to dependants, live independently (di cultic must be 
related to affected joint) 
- Not threatened or difficult (0) 
- Not threatened but more difficult (4) 
- Arthritis Questionnaire; Mobility section; Q17a; 
Q17ai. "During the past month, which of the following do you usually use when 
you walk about inside the house? -1=One walking stick most of the time, 2=0ne 
walking stick some of the time, 3=Two walking sticks, 4=Two crutches, 
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5=Walkingframe/zimmer, 6=Wheelchair, 7=Buggy, 8=Other, 9=No walking 
aids. " 
- Patient can list up to three options. 
Q17aii. "Why do you use it? -1=Right Hip, 2=Left Hip, 3=Riglit Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
Patient can list up to three options. 
Code patient as 4 if they use walking sticks due to knee. 
- Threatened but not immediately (6) 
- Arthritis questionnaire; Activities of daily living; Q18; 
Q18dii. "When you usually put on shoes, stockings or socks, do you need any of 
the following help? -1=Gadget or dressing aid, 2=Help from another person, 
3=No help necessary, 5=No help available, 4=Other. " 
Q18diii. "Why do you have difficulty? -1=Right Hip, 2=Left Hip, 3=Right 
Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
Q18eii. "When you usually have a bath, do you need any of the following help? - 
1=Bath handles, 2=Other bath aids, 3=Help from another person, 5=Avoid 
having bath - could not do, 6=No help necessary, 8=No help available". 
Q18eiii. "Why do you have difficulty? -1=Right Hip, 2=Left Hip, 3=Right 
Knee, 4=Left Knee, 5=Both Hips, 6=Both Knees. " 
Code patient as 6 if. 
Patient must use bath aids to get in or out of the bath because of knee OR 
Patient avoids/cannot have a bath because of knee OR 
Patient must use a gadget or dressing aid to put on shoes because of knee OR 
Patient needs help from another person to put on shoes because of knee 
- Immediately threatened (10) 
- Arthritis questionnaire; general questionnaire; Q3c; Q4c; 
Q3c. If patient has said they need help from someone else to [walk down the road, 
getting up or down steps, getting around the house, getting in or out of bed, 
getting in or out of a chair, washing yourself all over, washing your hands and 
face, dressing or undressing, feeding yourself, using the toilet], who usually helps 
you do these things? - 1=No one, 2=Spouse, 3=Daughter or son, 4=Other 
relative, 5=Friend or neighbour, 6=Voluntary worker, 7=NHS/social services, 
8=Paid help, 9=Other. " 
Q4c. If patient has said they need help from someone else to [prepare a hot meal, 
prepare a snack, make a cup of tea, wash up and dry dishes, use a vacuum cleaner, 
clean windows, wash small amounts of clothing, do household shopping, deal with 
personal affairs], who usually helps you do these things? -1=No one, 2=Spouse, 
3=Daughter or son, 4=Other relative, 5=Friend or neighbour, 6=Voluntary 
worker, 7=NHS/social services, 8=Paid help, 9=Other. " 
Code patients as 10 if., 
They get help from someone to do any of the tasks listed OR 
Need help from another person when they usually have a bath due to knee (Q18e) 




:º NatCen National Centre for Social Research 
REQUEST FOR ADDITIONAL VARIABLES TO BE 
ADDED TO NATCEN SURVEY DATASETS 
1. Please give a full description of the aims of the research? 
The primary aim of the research is to explore inequity in access to healthcare, 
across the various socio-demographic domains (e. g. age, gender, ethnicity, 
individual socio-economic position and/or area level deprivation, and 
geographical location), for total joint replacement of the hip and knee. 
The ELSA dataset is to be used to determine the population need for total joint 
replacement of the hip and knee in people aged 50 and over living in England. 
This is possible, as the Health Module of the ELSA dataset contains questions 
about joint pain and activities of daily living, and we have used such 
questions to assign people a New Zealand Score [1] to determine the severity 
of hip and knee disease, where a cut off of 55 or over has been proposed [2] [3] 
to suggest need for total joint replacement. 
In using the ELSA dataset, this should capture the true population 
requirement for total joint replacement, including both diagnosed (i. e. people 
who have visited a GP or seen a hospital consultant due to joint problems) and 
undiagnosed need (i. e. people who have yet to seek help for their joint 
problem). 
ELSA contains individual socio-demographic data such as age, gender, 
ethnicity, and social class, so that we can estimate prevalence rates of need for 
joint replacement according to different socio-demographic domains, for 
England. 
Analysis of the ELSA data alone tells us about inequalities in the need for joint 
replacement in the general population. However to determine whether any 
inequity exists (provision that is out of step with need), we need to compare 
rates of need from ELSA, to rates of provision (i. e. receipt of joint replacement 
operation in secondary care). For example, we have used the Hospital 
Episode Statistics (HES) database as a source of secondary care data on all 
NHS hospital admissions in England for joint replacement of the hip and knee. 
We have access to the HES database held in the Department of Social 
Medicine, University of Bristol. We have extracted data from HES, and used 
Multilevel Poisson regression analysis to generate rates of provision across the 
socio-demographic domains, for England, and at the district level. 
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Poisson regression modelling will be used to compare rates of need to 
provision. So we could calculate the ratio of say, the rate of people who have 
received total hip replacement (provision), to the rate of people who need hip 
replacement in ELSA (need). 
References 
1. Hadorn DC, Holmes AC. The New Zealand priority criteria project. Part 
1: Overview. BMJ 1997; 314: 131-134. 
2. Juni P, Dieppe P, Donovan J, Peters T, Eachus J, Pearson N, et al. 
Population requirement for primary knee replacement surgery: a cross- 
sectional study. Rheumatology. 42(4): 516-21,2003. 
3. Frankel S, Eachus J, Pearson N, Greenwood R, Chan P, Peters TJ, et al. 
Population requirement for primary hip-replacement surgery: a cross- 
sectional study. Lancet 1999; 353: 1304-1309. 
2. Who is funding the research? 
MRC HSRC funded PhD studentship. 
3. What survey(s) are to be used in your analysis (Name of surveys and survey 
years) 
English Longitudinal Study of Ageing (ELSA): Wave 0 (1998,1999 and 2001) 
and Wave 1(2002). 
4. What additional variables do you need for your analysis? (An explanation 
of why each variable is needed should be given) 
Data requirement 1: 
Variables required: 
Anonymised postcode sector unit (PSU), or (if available) census area statistics 
ward (CASward) 
District/UA 
Reason why variables are needed: 
The ELSA data available to download from ESDS does not contain any 
geographical identifiers. As such, estimates of the need for joint replacement, 
according to various socio-demographic domains, can only be made for 
England. However, both need for total joint replacement, and provision, may 
vary geographically, such that small area estimates are required. Health 
planners require such data, on both health needs, and service use, ideally at 
the individual or alternatively at the small area level, in order to provide 
services equitably. 
To generate small area predictions of need, we intend to use a similar 
approach to that undertaken by Kelvyn Jones et al [1] using data from the 
Health Survey for England (HSE), predicting the prevalence of smoking and 
drinking behaviour in small areas. The idea is to fit an individual level 
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multilevel model using the ELSA dataset. Then apply this to ecological data 
from the 2001 census to generate small area predictions, such as at district 
level. In ELSA, to be able to fit a multilevel model, we therefore need to know 
which individuals live in the same PSU, and in which district the PSU is in. 
1. Twigg L, Moon G, Jones K. Predicting small-area health-related 
behaviour: a comparison of smoking and drinking indicators. Social 
Science & Medicine 2000; 50: 1109-1120. 
Data requirement 2: 
Variables required: 
IMD2004 deprivation quintiles. 
Rurality indicator (Urban, Town & Fringe, Village/Isolated) 
Ethnicity (Percentage of non-white residents in an area) 
[We can provide these variables in a text or Stata file, ready to be linked into 
the ELSA dataset, however these ecological variables have been estimated at 
CASward level. ] 
Reason why variables are needed: 
Currently the only ecological data contained in ELSA are variables such as 
number of cars per household, or whether people own a house or rent etc. 
For the purpose of small area predictions, such data is available at an area 
level from the 2001 census, so it would be possible to use this information to 
predict need at the small area level. However it would be preferable to use 
other area level data such as IMD2004 deprivation quintiles and rurality 
scores. There are two benefits to this: 
Firstly, in generating small area predictions. For example, the individual 
multilevel model we will fit using the ELSA dataset, would be considered as 
our 'calibration' dataset. In addition we have a 'prediction' dataset, 
containing area level variables and information from the 2001 census, such as 
population counts by age and sex, IMD2004 Deprivation Quintiles, Ethnicity 
and Rurality, for all CASwards in England. Information we wish to predict at 
the small area level must be the same in both prediction and calibration 
datasets, as would be the case here. To be able to generate predictions, we 
need to link the estimates derived from the explanatory part of the individual 
multilevel regression model, to the area level data in the predictions dataset. 
The multilevel model provides probabilities for individuals in areas with 
certain characteristics. For example, for each age and sex group, people in 
Deprivation quintile 1 have probability 'x', those in Deprivation quintile 2 
have probability'y' and so on. As the predictions data contains information 
on the number of individuals in each area, and the area level characteristics of 




Secondly, for when comparing rates of need (from ELSA), to provision rates 
(from HES). The only individual socio-demographic data contained in HES, 
are age and sex, the remainder being ecological (IMD 2004 deprivation 
quintiles, rurality and ethnic mix of the area) estimated at CASward level. 
Hence it would be preferable to have the same ecological variables in both the 
ELSA and HES datasets, for when comparing rates of need from ELSA to 
provision from HES, by different socio-demographic groups. 
5. For each additional variable in turn please state 
(a) the source of the variable 
(b)whether the variable is continuous or categorical 
(c) how the new variable is to be matched to the survey dataset(s) 
(i. e. at what level: individual; household; geographical area etc. ) 
(a) Variable 
Postcode sector unit (PSU) 
(anonymised) 






Urban/ Rural Indicator 
Ethnic mix of area (from 
2001 census) 





Categorical (Urban, Town & 
Fringe, Village/ Isolated) 
Continuous (% of non-white 
residents) 
(c) Level of matching 
Geographical - PSU 
Geographical - CASward 
Geographical - District/UA 
Geographical - CASward 
Geographical - CASward 
Geographical - CASward 
6. Continuous variables - NatCen prefers to provide data to analysts after it has 
been combined into discrete categories (such as quintiles). If this is not 
acceptable please explain why below. Plus, if you would like the data 
categorised in a particular way please state how here. 
7. When is the data required by? 
Preferably as soon as reasonably possible, as the data is required as part of a 
PhD project. 
Agreement 
" Only the researchers named below will use the data provided. 
Andrew judge will act as data custodian and will be responsible for ensuring 
that all named researchers comply with the agreement. 
" The files will be used only for the analysis described in this document. 
" The data will not be passed to other organisations. 
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" We will not use the data to carry out analysis on behalf of other organisations. 
" The data will be held on a password protected computer system with the data 
only accessible by the named researchers. 
" Once the analysis is completed the data will be deleted or returned to the 
National Centre for Social Research. 
" We understand that any breach of these conditions will be reported to the 
sponsors of the survey and to the sponsors of this research. 
Data Custodian 
Name (CAPS): ANDREW JUDGE 
-------------------------------------------------------------------------- Organisation: MRC HSRC University of Bristol 
-------------------------------------------------------------------------- 
Address: Department of Social Medicine 
-------------------------------------------------------------------------- Canynge Hall, Whiteladies Road, 
Bristol, BS8 2PR 
-------------------------------------------------------------------------- 
Phone No: 0117 928 7319 
-------------------------------------------------------------------------- Email: andrew. judge@bristol. ac. uk 
------------------------------------------------------- 
Signed: Date: 
------------------------------------- ------------------------ Named Researchers 
Name (CAPS): Prof Yoav Ben-Shlomo 
--------------------------------- Organisation: University of Bristol 
Signed: Date: 
------------------------------------------------------------------------- 
Name(CAPS): Dr Mary Shaw 
Organisation: University of Bristol 
Signed: Date: 
------------------------------------------------------------------------- 
Name (CAPS): Dr Nicky Welton 






Variables to create a NZ score in ELSA, based on methodology and methods 
used in SASH. 
Heill* 
Do you have any long-standing illness, disability or infirmity? By long-standing I 
mean anything that has troubled you over a period of time, or that is likely to 
affect you over a period of time? 
1 Yes 
2 No 
IF has a long-standing illness: Heill =1 
HePain 




How would you rate your pain if you were walking on a flat surface? Please rate 
your pain from 0-10 for each of the following where 0 is no pain and 10 is severe 
or excruciating pain, as bad as you can imagine. 
1 Press 1 and enter to continue 
2 Can't walk or never walks 
IF can walk: HePab =I 
HeHip 
(How would you rate the pain) in your hips? 
PROMPT IF NECESSARY: Where 0 is no pain and 10 is severe or excruciating 
pain, as bad as you can imagine 
Range: 0.. 10 
HeKne 
(How would you rate the pain) in your knees? 
PROMPT IF NECESSARY: Where 0 is no pain and 10 is severe or excruciating 
pain, as bad as you can imagine 
Range: 0.30 
Selecting a cohort of subjects on which to create a NZ score 
Select patients that have a limiting long term illness that has affected them over a 
period of time [Heil! =1] AND 
Is often troubled with pain [HePain =1], and either: 
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HIP: Troubled with pain in hips [HeHip 1 to 10]. 
KNEE: Troubled with pain in knees [HeKne 1 to 10]. 
NZ Score: Pain (40%) 
NZ Score: Degree of Pain: 
- None (0) 
- Mild: slight or occasional pain; patient has not altered patterns of activity 
or work (4) 
Code patients as 4 if they are often troubled with pain, and have given a rating of pain in 
hips/knees between 1 and 3. 
Is often troubled with pain [HePain = 1], and [HePab =1], and either: 
HIP: Troubled with pain in hips [HeHip 1 to 3]. 
KNEE: Troubled with pain in knees [HeKne 1 to 3]. 
Mild-moderate: moderate or frequent pain; patient has not altered 
patterns of activity or work (6) 
Code patients as 6 if they are often troubled with pain, and have given a rating of pain in 
hips/knees between 4 and 7. 
Is often troubled with pain [HePain =1], and [HePab = 1], and either: 
HIP: Troubled with pain in hips [HeHip 4 to 7]. 
KNEE: Troubled with pain in knees [HeKne 4 to 7]. 
Moderate: patient is active but has had to modify or give up some 
activities because of pain (9) 
Code patients as 9 if they are often troubled with pain, and have given a rating of pain in 
hips/knees of 8. 
Is often troubled with pain [HePain =1], and [HePab = 1], and either: 
HIP: Troubled with pain in hips [HeHip = 8]. 
KNEE: Troubled with pain in knees [HeKne = 8]. 
Moderate-severe: fairly severe pain with substantially limited activities 
(14) 
Code patients as 14 if they are often troubled with pain, and have given a rating of pain 
in hips/knees of 9. 
Is often troubled with pain [HePain = 1], and [HePab =1], and either: 
HIP: Troubled with pain in hips [HeHip = 9]. 
KNEE: Troubled with pain in knees [HeKne = 9]. 
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- Severe: major pain and serious limitation (20) 
Code patients as 20 if they are often troubled with pain, and have given a rating of pain 
in hips/knees of 10. 
Is often troubled with pain [HePain =1], or cannot walk [HePab =1 or 21, and 
either: 
HIP: Troubled with pain in hips [HeHip =10]. 
KNEE: Troubled with pain in knees [HeKne =10]. 
HeFunc 
By yourself and without using any special equipment, how much difficulty do 
you have walking for a quarter of a mile? Do you have... READ OUT... 
1 no difficulty, 
2 some difficulty, 
3 much difficulty? 
4 or, are you unable to do this? 
HeCda 




3 Cannot walk 
IF gets pain or discomfort in either leg when walks: HeCda =1 
HeCdb 




Do you get it if you walk uphill or hurry? 
1 Yes 
2 No 
3 Never walks uphill or hurries 
HeCdd 
Do you get it when you walk at an ordinary pace on the level? 
1 Yes 
2 No 
3 Never walks at an ordinary pace on the level 
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NZ Score: Occurrence of Pain: 
- None or with first steps only (0) 
- Only after long walks (30 minutes) (4) 
Code patients as 4 if patient gets pain or discomfort in either of their legs when they walk, 
but not when they walk at an ordinary pace on the level, or have no difficulty walking for 
a quarter of a mile. 
Get pain/ discomfort in either of legs when walk [HeCda =1] AND 
[Do not get it when walk at ordinary pace on level [HeCdd = 2] OR 
Can walk for a quarter of a mile with no difficulty [HeFunc =1]. ] 
- With all walking, mostly day pain (10) 
Code patients as 10 if patient gets pain or discomfort in either of their legs when they 
walk, and when they walk at an ordinary pace on the level, or have some difficulty 
walking for a quarter of a mile. 
Get pain/ discomfort in either of legs when walk [HeCda =1] AND 
[When walk at ordinary pace on level [HeCdd =1] OR 
Can walk for a quarter of a mile with some difficulty [HeFunc = 2]. ] 
- Significant, regular night pain (20) 
Code patients as 20 if patient gets pain or discomfort in either of their legs when they 
walk, and have much difficulty walking/unable to walk for a quarter of a mile, or cannot 
walk. 
[Get pain/ discomfort in either of legs when walk [HeCda =1] AND 
Can walk for a quarter of a mile with much difficulty, or unable to do this 
[HeFunc =3 or 4]. ] OR 
Cannot walk [HeCda = 3]. 
HeAvoid 
When you go on a trip away from your home like a trip to the shop, restaurant, 
or visits to friends, how often do you purposely limit the amount of walking you 





5 or, always? 




We need to understand difficulties people may have with various activities 
because of a health or physical problem. Please tell me whether you have any 
difficulty doing each of the everyday activities on this card. Exclude any 
difficulties that you expect to last less than three months. 
Because of a health problem, do you have difficulty doing any of the activities on 
this card? 
PROBE : What others? CODE ALL THAT APPLY 
1 Walking 100 yards 
2 Sitting for about two hours 
3 Getting up from a chair after sitting for long periods 
4 Climbing several flights of stairs without resting 
5 Climbing one flight of stairs without resting 
6 Stooping, kneeling, or crouching 
7 Reaching or extending your arms above shoulder level 
8 Pulling or pushing large objects like a living room chair 
9 Lifting or carrying weights over 10 pounds, like a heavy bag of groceries 
10 Picking up a 5p coin from a table 
96 None of these [Exclusive code] 
[Multiple responses to HeADLa are recorded in variables heada0l to headalI]. 
HeADLb 
Here are a few more everyday activities. Please tell me if you have any difficulty 
with these because of a physical, mental, emotional or memory problem. Again 
exclude any difficulties you expect to last less than three months. 
Because of a health or memory problem, do you have difficulty doing any of the 
activities on this card? 
PROBE : What others? CODE ALL THAT APPLY 
1 Dressing, including putting on shoes and socks 
2 Walking across a room 
3 Bathing or showering 
4 Eating, such as cutting up your food 
5 Getting in or out of bed 
6 Using the toilet, including getting up or down 
7 Using a map to figure out how to get around in a strange place 
8 Preparing a hot meal 
9 Shopping for groceries 
10 Making telephone calls 
11 Taking medications 
12 Doing work around the house or garden 
13 Managing money, such as paying bills and keeping track of expenses 
96 None of these [Exclusive code] 
[Multiple responses to HeADLb are recorded in variables headb0l to headbl4]. 
NZ Score: Functional Activity (20%) 
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NZ Score: Time walked 
- Unlimited (0) 
- 31-60 minutes (e. g. longer shopping trips to mall) (2) 
Code patients as 2 if sometimes, often, or always have to limit amount of walking on a 
trip away from home. 
Sometimes, often, always limit amount of walking on trip away from home 
[HeAvoid = 3,4 or 5]. 
- 11-30 minutes (e. g. gardening, grocery shopping) (4) 
Code as 4 if difficulties with shopping for groceries or doing work around the house or 
garden. 
Difficulty shopping for groceries [HeADLb = 9] OR 
Difficulty doing work around the house or garden [HeADLb =12]. 
- 2-10 minutes (e. g. trip to letter box) (6) 
Code as 6 if some or much difficulty walking for a quarter of a mile. 
Can walk for a quarter of a mile with some or much difficulty [HeFunc =2 or 3]. 
-<2 minutes (e. g. more or less housebound) (8) 
Code as 8 if difficulty walking 100 yards, or walking across a room 
Difficulty walking 100 yards [HeADLa =1] 
Difficulty walking across a room [HeADLb = 2] 
- Unable to walk (10) 
Code as 10 if patient can't or never walks 
Cannot walk [HeCda = 31 OR 
Can't walk or never walks [HePab = 21 
NZ Score: Other functional limitations (e. g. putting on shoes, managing stairs, sitting to 
standing, sexual activity, recreation or hobbies, walking aids needed) 
Select ADLs of: 
Dressing, including putting on shoes and socks [HeADLb =1] 
Bathing or showering [HeADLb = 3] 
Climbing several flights of stairs without resting [HeADLa = 4] OR difficulty 
climbing one flight of stairs without resting [HeADLa = 5] 
Getting up from a chair after sitting for long periods [HeADLa = 3] 
For hips, do not include getting up from a chair to be an ADL, as in SASH. 
- None (0) 
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- Mild (2) 
Code as 2 if difficulty with at least 1 ADL. 
- Moderate (4) 
Code as 4 if difficulty with at least 2 ADLs. 
- Severe (10) 
Code as 10 if difficulty with all ADLs. 
NZ Score: Movement and deformity (20%) 
NZ Score: Pain on examination (overall results are both active and passive range of 
motion : 
- None (0) 
- Mild (2) 
- Moderate (5) 
- Severe (10) 
NZ Score: Other abnormal findings (limited to orthopaedic problems e. g. 
reduced range of motion, deformi , limp, instability, progressive x-ray 
findings). 
- None (0) 
- Mild (2) 
- Moderate (5) 
- Severe (10) 
Cannot code this section for ELSA, as data is not available. 
This section is also excluded in some of the SASH papers. 
HeDiab* 
Has a doctor ever told you that you have (or have had) any of the conditions on 
this card? 
PROBE : What others? 
CODE ALL THAT APPLY 
1 Chronic lung disease such as chronic bronchitis or emphysema 
2 Asthma 
3 Arthritis (including osteoarthritis, or rheumatism) 
4 Osteoporosis, sometimes called thin or brittle bones 
5 Cancer or a malignant tumour (excluding minor skin cancers) 
6 Parkinson's disease 
7 Any emotional, nervous or psychiatric problems 
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8 Alzheimer's disease 
9 Dementia, organic brain syndrome, senility or any other serious 
memory impairment 
96 None of these [Exclusive code] 
[Multiple responses to HeDiab are recorded in variables hedibOl to hedib1O. ] 
IF has ever had an arthritis diagnosis: HeDiab =3 
HeArt* 
Which type or types of arthritis do you have ... READ OUT EACH IN TURN 
AND CODE ALL THAT APPLY... 
1 osteoarthritis? 
2 rheumatoid arthritis? 
3 some other kind of arthritis? 
[Multiple responses to HeArt are recorded in variables heartl to heart3] 
NZ Score: Other factors (20%) 
NZ Score: Multiple joint disease 
- No, single joint (0) 
- Yes, each affected joint mild: moderate in severity (4) 
Code patients as 4 if patient has pain in both the hip and knee. 
Is often troubled with pain [HePain =1], and [HePab =1], and either: 
HIP: Troubled with pain in hips [HeHip 1 to 10]. 
KNEE: Troubled with pain in knees [HeKne 1 to 101. 
- Yes, severe involvement (e. g. rheumatoid arthritis) (10) 
Code patients as 10 if they have pain in the hip and knee, and a doctor has told them they 
have arthritis. 
Patient is troubled with pain in hips [HeHip 1 to 10] or knees [HeKne 1 to 101 
AND 
Doctor has told them they have arthritis [HeDiab = 3] 
HeHpa 
Thinking about the activities that you have problems with, does anyone ever 








Who helps you with these activities? 
PROBE : Does anyone else help you with these activities? 
CODE ALL THAT APPLY 
1 Husband or wife or partner 









11 Other relative 
12 Unpaid volunteer 
13 Privately paid employee 
14 Social or health service worker 
15 Friend or neighbour 
16 Other person 
[Multiple responses to Hehpb are recorded in variables hehpb0l to helipbl6]. 
HeAid 
Do you use any of the following ... READ OUT AND CODE ALL THAT 
APPLY... ONLY INCLUDE PERSONAL ALARMS USED TO CALL FOR 
ASSISTANCE AFTER FALLS ETC 
1a cane or walking stick? 
2a zimmer frame or walker? 
3a manual wheelchair? 
4 an electric wheelchair? 
5a buggy or scooter? 
6 special eating utensils? 
7a personal alarm? 
96 None of these [Exclusive code] 
[Multiple responses to HeAid are recorded in variables heaidl to heaid8]. 
NZ Score: Ability to work, give care to dependants, live independently (difficulty must be 
related to affected joint) 
- Not threatened or difficult (0) 
- Not threatened but more difficult (4) 
Code patients as 4 if they use a cane or walking stick, and have hip/knee pain. 




Use a cane or walking stick [HeAid =1]. 
- Threatened but not immediately (6) 
Code patients as 6 if patient needs help from another person to bathe/shower or put on 
shoes or socks, and have hip/knee pain. 
Patient is troubled with pain in hips [HeHip 1 to 10] or knees [HeKne 1 to 101 
AND 
[[Difficulty dressing, including putting on shoes or socks [HeADLb =1] AND 
Does anyone help you with this activity [HeHpa =1]. ] OR 
[Difficulty bathing or showering [HeADLb = 3] AND 
Does anyone help you with this activity [HeHpa =1]. ] ] 
- Immediately threatened (10) 
Code patients as 10 if they need help from someone to do ANY of the ADL tasks listed in 
questionnaire, and have hip/knee pain. 
Patient is troubled with pain in hips [HeHip 1 to 101 or knees [HeKne 1 to 10] 
AND 
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Table A. 6.10. Contingency tables from ROC curve analysis for hips 
Threshold of 40 
nz1OOh < 55 nz1OOh >- 55 Total Sensitivity Specificity Correctly Classified 
nz80h <40 903 0 903 100.00% 91.49% 92.31% 
nz80h >- 40 84 105 189 
Total 987 105 1092 
Threshold of 42 
nzlOOh < 55 nz1OOh >- 55 Total Sensitivity Specificity Correctly Classified 
nz80h <42 926 2 928 98.10% 93.82% 94.23% 
riz80h >- 42 61 103 164 
Total 987 105 1092 
Threshold of 44 
nz1OOh < 55 nz1OOh >- 55 Total Sensitivity Specificity Correctly Classified 
nz8Oh < 44 947 5 952 95.24% 95.95% 95.88% 
nz80h >- 44 40 100 140 
Total 987 105 1092 
Threshold of 46 
nz1OOh < 55 nz1OOh >- 55 Total Sensitivity Specificity Correctly Classified 
nz8Oh <46 960 7 967 93.33% 97.26% 96.89% 
nz8Oh >- 46 27 98 125 
Total 987 105 1092 
Threshold of 48 
nz100h < 55 nz1OOh >- 55 Total Sensitivity Specificity Correctly Classified 
nz80h <48 975 11 986 89.52% 98.78% 97.89% 
nz80h >- 48 12 94 106 
Total 987 105 1092 
Threshold of 50 
nz1OOh < 55 nz1OOh >- 55 Total Sensitivity Specificity Correctly Classified 
nz8Oh < 50 977 23 1000 78.10% 98.99% 96.98% 
nz80h >- 50 10 82 92 
Total 987 105 1092 
Threshold of 52 
nz1OOh < 55 nz1OOh >- 55 Total Sensitivity Specificity Correctly Classified 
nz80h < 52 982 37 1019 64.76% 99.49% 96.15% 
nz80h >- 52 5 68 73 
Total 987 105 1092 
Threshold of 54 
nz1OOh < 55 nz1OOh >- 55 Total Sensitivity Specificity Correctly Classified 
nz80h <54 984 54 1038 48.57% 99.70% 94.78% 
nz80h >- 54 3 51 54 
Total 987 105 1092 
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Table A. 6.11. Contingency tables from ROC curve analysis for knees 
Threshold of 40 
nz100h < 55 nz100h >= 55 Total Sensitivity Specificity Correctly Classified 
nz80h <40 1373 0 1373 100.00% 85.87%, 87.42%, 
nz80h >- 40 226 198 424 
Total - 1599 198 "1797 - -" -- 
Threshold of 42 
nzlOOh < 55 nzlOOh >= 55 Total Sensitivity Specificity Correctly Classified 
nz80h < 42 1439 3 1442 98.48% 89.99% 90.93% 
nz80h >= 42 160 195 355 
Total 1599 198 1797 
Threshold of 44 
nz100h < 55 nz100h >= 55 Total Sensitivity Specificity Correctly Classified 
nz80h < 44 1483 12 1495 93.94% 92.75% 92.88% 
nz8Oh >- 44 116 186 302 
Total 1599 198 1797 
Threshold of 46 
nzlOOh < 55 nzlOOh >= 55 Total Sensitivity Specificity Correctly Classified 
nz80h < 46 1520 18 1538 90.91% 95.06% 94.60% 
nz80h >- 46 79 180 259 
Total 1599 198 1797 
Threshold of 48 
nz100h < 55 nz100h >= 55 Total Sensitivity Specificity Correctly Classified 
nz80h < 48 1561 28 1589 85.86% 97.62% . 96.33% 
nz80h >- 48 38 170 208 
Total 1599 198 1797 
Threshold of 50 
nz100h < 55 nz100h >= 55 Total Sensitivity Specificity Correctly Classified 
nz80h < 50 1574 50 1624 74.75% 98.44% 95.83% 
nz8Oh >- 50 25 148 173 
Total 1599 198 1797 
Threshold of 52 
nz100h < 55 nz100h >= 55 Total Sensitivity Specificity Correctly Classified 
nz80h < 52 1589 79 1668 60.10% 99.37% 95.05% 
nz80h >- 52 10 119 129 - 
Total 1599 198 1797 
Threshold of 54 
nzlOOh < 55 nz100h >= 55 Total Sensitivity Specificity Correctly Classified 
nz80h < 54 1594 98 1692 50.51% 99.69% 94.27% 
nz80h >- 54 5 100 105 




Figure A. 6.10. BGR plots to assess model convergence of need for knee 
replacement in WinBUGS 
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Figure A. 6.11. BGR plots to assess model convergence of need for hip 
replacement in WinBUGS 
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WinBUGS model code to predict small area estimates of need for hip 
replacement in the 354 districts in England 
model 
{ 
# Level I definition 
for(i in 1: N) { 
# Have modified the dataset, so now Poisson count data 
# of whether a person is in need of THR, has been weighted, 
# by multiplying by weighting variable. 
needTHRadj[i] - dpois(mu[i]) 
# Need to split into two summations 
log(mu[i]) <- suml[i] + sum2[i] 
# Sum 1 
suml[i] <- beta[t] 
+ beta[2] * agenew 60[i] 
+ beta[3] agenew 70[i] 
+ beta[4]' agenew 80(i] 
+ beta[5]' agenew 85[i] 
+ beta[6]'v_Male_[i] 
+ beta[7]' W1_imd2004cat eng 2[i] 
+ beta[8] " W1 imd2004cat eng 3[i] 
+ beta[9]' W1 imd2004cat eng 4[i] 
+ beta[10]' W1_imd2004cat eng_5[i] 
+ beta[111 "v village_isolated [i] 
+ beta[12] ' v_town fringe_[i] 
+ beta[13] " v_non_whiteli] 
# Sum2 
sum2[i] <- beta[14] * agenew 60. W1_imd2004cat eng_2[i] 
+ beta[15J a agenew 70. W1_imd2004cateng 2[i] 
+ beta[16] * agenew_80. W1_imd2004cat eng_2[i] 
+ beta[17] " agenew 85. W1_imd2004cat eng_2[i] 
+ beta[18] * agenew 60. W1_imd2004cateng 3[i] 
+ beta[19] ' agenew 70. W1_imd2004cateng 3[i] 
+ beta[20] * agenew 80. W1_imd2004cateng 3[i] 
+ beta[211 " agenew 85. W1_imd2004cat_eng_3[i] 
+ beta[22]' agenew 60. W1_imd2004cat eng 4[i] 
+ beta[23]' agenew 70. W1imd2004cateng 4[i] 
+ beta[24J " agenew 80. W1_imd2004cat eng 4[i] 
+ beta[25] a agenew 85. W1_imd2004cateng 4[i] 
+ beta[26] a agenew 60. W1_imd2004cat eng_5[i] 
+ beta[27] a agenew 70. W1_imd2004cat eng_5[i] 
+ beta[28] a agenew_80. W1 imd2004cat eng 5[i] 
+ beta[29J' agenew 85. W1 imd2004cat eng_5[i] 
} 
# Priors for fixed effects 
# Change prior, this was dflat() 
for (kin I: n. beta) { beta[k] - dnorm(0,. 001) 
} 
# Now need to write code to generate predictions 
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# Create a predictions matrix X[] 
# Due to the interaction terms, there will be 29 possible indicators, 
# and 300 possible age-sex-deprivation-rurality-ethnicity predictions to make 
# Create a loop to get the predicted log-rate in each possible 
# age-sex-deprivation-rurality-ethnic group 
for (I in 1: n. pred){ 
pred. socdem[i]<-inprod2(X[i, 1: n. beta], beta[ 1: n. beta]) 
rate. socdem[i]<-exp(pred. socdem[i]) 
} 
# Now want to apply the predicted rates in each of the 300 groups to pop counts 
# in data matrix W[] 
# Apply predicted rate to district pop counts, to get expected counts. 
# Then divide by district pop to get expected rate in district. 
for (m in 1: n. district. pred){ 
pred. district[m] <- inprod2(W[m, 1: n. pred], rate. socdem[1: n. pred]) 





WinBUGS model code to predict small area estimates of provision for hip 
replacement in the 354 districts in England 
model 
# Level 1 definition 
for(i in 1: N) { 
# Want to fit a negative binomial regression model. 
# Fit a Poisson model allowing for extra Poisson variation 
khip[i] - dpois(mu[i]) 
# Will need to split the model into 3 parts, as currently too big to run in BUGS. 
# Need to split expression into 3 summations called sum[1], sum[2] and sum[3] 
log(mu[i]) <- suml(i] + sum2[i] + sum3[i] 
# Sum [1] 
suml[i] <- offs[i] + beta[1J 
+ beta[2] * agegrp 55[i] 
+ beta[3] * agegrp 60[i] 
+ beta[4] * agegrp_65[i] 
+ beta[s] * agegrp 70[i] 
+ beta[6] * agegrp 75[i] 
+ beta[7] * agegrp_80[i] 
+ beta[B] * agegrp_85[i] 
+ beta[9] ' sex 2[i] 
+ beta[10] * imd2[i] 
+ beta[11] * imd3[i] 
+ beta[12] * imd4[i] 
+ beta[13] * imdMost[i] 
+ beta[14] * ethlAsian[i] 
+ beta[15] * ethIBlack[i] 
+ beta[16] * eth1Other[i] 
+ beta[17] * ethlMixed[i] 
+ beta[18] ' TownFringe[i] 
+ beta[19] ' Village[i] 
sum2[i] <- 
beta[20J'volume3_quint 2[i] 
+ beta[21J * volume3_quint 3[i] 
+ beta[22]'volume3_quint 4[i] 
+ beta[23] ' volume3_quint 5[i] 
+ beta[24] * no allconsult rate_quint 2[i] 
+ beta[25J * no allconsult rate_quint 3[i] 
+ beta[26J * no allconsult rate_quint 4[i] 
+ beta[27] * no allconsult rate_quint 5[i] 
+ beta[28] * no tandoconsult rate_quint 2[i] 
+ beta[29] * no tandoconsult rate_quint 3[i] 
+ beta[30] no tandoconsult rate_quint 4[i] 
+ beta[31] * no tandoconsult rate quint 5[i] 
sum3[ij <- 
beta[32] * op Cheat rate_quint 2[i] 
+ beta[331 ' op theat rate_quint 3[i] 
+ beta[34] * op Cheat rate_quint 4[i] 
+ beta[35J * op_theat rate_quint 5[i] 
+ beta[36J * trav_time_quint 2[i] 
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+ beta[37] ' tray time_quint 3[i] 
+ beta[38] " trav_time_quint 4[i] 
+ beta[39J ' trav_time_quint 5[i] 
+ u2[caswardpat[i]] 
+ u3[district UA[i]J 
#Add term for extra Poisson variation 
+ lambda[i] 
Iambda[i]-dnorm(O, tau. Iambda) 
# Higher level definitions 
for (j in 1: n. casward) { 
u2U] - dnorm(O, tau. u2) 
} 
for a in 1: n. district) { 
u3(j] - dnorm(O, tau. u3) 
} 
# Priors for fixed effects 
for (k in 1: n. beta) ( beta(k] - dnorm(0,. 001) 
} 
# Prior for lambda 
sigma. lambda-dnorm(0,. 001)1(0, ) 
tau. lambda<-1/(sigma. lambda"sigma. lambda) 
# Priors for random terms 
sigma. u2-dnorm(0,. 001)l(0, ) 
tau. u2<- 1/(sigma. u2"sigma. u2) 
sigma. u3-dnorm(0,. 001)l(0, ) 
tau. u3<-1/(sigma. u3"sigma. u3) 
# Want to get the linear predictor. 
#This is the sum of the betas for each observation In the dataset. 
for (m in 1: N) { 
linear. pred[m] <- S1[m] + S2[m] + S3(m] 
S1(m] <- 
betall) 
+ beta[2] " agegrp_55[m] 
+ beta[3] " agegrp 60[m] 
+ beta[4] * agegrp 65[m] 
+ beta[s] " agegrp_70[m] 
+ beta[61 " agegrp 75[m] 
+ beta[7] " agegrp_80[m] 
+ beta[8] " agegrp_85[m] 
+ beta[9] " sex_2[m] 
+ beta[10] " imd2[m] 
+ beta[11J " imd3[m] 
+ beta[12] " imd4[m] 
+ beta[13] " imdMost[m] 
+ beta[14] " ethlAsian(m) 
+ beta(15] " ethl Black[m] 
+ beta[161 " ethlOther[mJ 
+ beta[17] " ethlMixed(m] 
+ beta(18] " TownFringe[m] 




beta[20] * volume3_quint 2[m] 
+ beta[21] * volume3_quint 3[m] 
+ beta[22]' volume3_quint 4[m] 
+ beta[23] * volume3_quint 5[m] 
+ beta[24] * no allconsult rate_quint 2[m] 
+ beta[25] * no allconsult rate_quint 3[m] 
+ beta[26] * no allconsult rate_quint_4[m] 
+ beta[27] * no allconsult rate_quint 5[m] 
+ beta[28] * no tandoconsuIt rate_quint 2[m] 
+ beta[29] * no tandoconsult rate_quint 3[m] 
+ beta[30] * no_tandoconsult rate_quint 4[m] 
+ beta[31] * no tandoconsult rate_quint 5[m] 
S3[m] <- 
beta[32] * op theat_rate_quint_2[m] 
+ beta[33] * op theat rate_quint 3[m] 
+ beta[34] * op_theat rate_quint 4[m] 
+ beta[35J * op theat_rate_quint 5[m] 
+ beta[36] * trav_time_quint 2[m] 
+ beta[37] * trav_time_quint 3[m] 
+ beta[38] * trav_time_quint 4[m] 
+ beta[39J * trav_time_quint 5[m] 
# Want to get the mean rate in each district, then add this to the district residual 
for a in 1: n. district) { 





WinBUGS model code for log-linear regression model to explore equity in 
access to hip replacement 
model{ 
for (i in 1: n. data){ 
# Likelihood for ELSA predictions 
prec n[i]<-1/(n se[i]en se[i]) 
n estimate[i]-dnorm(I need[i], prec n[iJ) 
dev_n[i]<- (n_estimate[iJ-Ir need[i])"(n estimate[i]-lr need[iJ)"prec n[i] 
# Likelihood for HES predictions 
prec_p[i]<-1/(p se[iJ'p_se[iJ) 
p estimate[i]-dnorm(Ir prov[i], prec_p[i]) 
dev_p[i]<- (p estimate[i]-Ir prov[i])"(p estimate[i]-Ir prov[i])'prec p[iJ 
# Log-linear regression 
lrý_prov[i] <- lrneed[i] + beta[1J 
+ beta[2] " age60[il 
+ beta[3] ' age70[i] 
+ beta[4] " age80[i] 
+ beta(51 ` age85[i] 
+ beta[6] " sexM(iJ 
+ beta[7] " imd2[i] 
+ beta[8] " imd3[i] 
+ beta[9J' Imd4(i] 
+ beta(101 ' ImdMost(i] 
+ beta[11 ]" eth2NonWhite[iJ 
+ beta[12J " TownFringe(i] 
+ beta[ 131 " Village[i] 
# Add in ward random effect 
+ u2[casward[i]) 
# Prior for log-rates of need 
lr need(i) - dnorm(O,. 001) 
# Priors for fixed effects 
# These are priors for the regression coefficients 
for (j in 1: n. beta){ beta(jJ - dnorm(O,. 001) 
} 
# Higher level definitions 
for (j in 1: n. casward) { 
u2(j) - dnorm(O, tau. u2) 
} 
# Priors for random terms 
sigma. u2-dnorm(0,. 001)I(0, ) 
tau. u2<-1/(sigma. u2"sigma. u2) 
#Residual Deviance. Expect posterior mean to be close to no. data points for good fit 
resdev_n<- sum(dev_np) 
resdev p<- sum(dev p[]) 
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resdev<- resdev_n + resdev_p 
# Want to get the linear predictor. 
#This is the sum of the betas for each observation in the dataset. 
for (m in 1: n. data) { 
linear. pred[m] <- beta[t] 
+ beta[2] * age60[m] 
+ beta[3] * age70[m] 
+ beta[4] * age80[m] 
+ beta[5] * age85[m] 
+ beta[6] " sexM[m] 
+ beta[7] * imd2[m] 
+ beta[8] * imd3[m] 
+ beta[9] * imd4[m] 
+ beta[10] * imdMost[m] 
+ beta[11] * eth2NonWhite[m] 
+ beta[12] * TownFringe[m] 
+ beta[13] * Village[m] 
# Now want to get the mean log rate (mean of the linear predictor) in each district. 
for a in 1: n. district) { 




Table A. M. Rates of need for hip replacement, by socio-demographic groups 
using different choices of threshold to classify those in need of surgery 
Threshold of 43 Threshold of 53 
Crude RR Adjusted RR Crude RR Adjusted RR 
(95%CI) (95%CI) (95%CI) (95%CI) 










P Linear trend 





















































I- Professional 1.00 1.00 1.00 1.00 
II - Managerial & Technical 2.98(1.31,6.76) 1.95 (0.86,4.44) 4.89(1.19,20.09) 3.07 (0.74,12.65) 
III N- Skilled - non-manual 4.23 (1.87,9.57) 2.22(0.97,5.07) 6.48 (1.58,26.59) 3.37 (0.81,13.96) 
III M- Skilled - manual 5.84 (2.59,13.19) 3.32 (1.46,7.51) 9.68 (2.37,39.52) 5.53 (1.35,2274) 
IV - Partly skilled 6.81(3.01,15.37) 2.93 (1.28,6.69) 9.87(2.41,40.44) 4.18(l. 00,17.46) 
V- Unskilled 6.04 (2.61,13.99) 2.34 (0.99,5.57) 10.89 (2.60,45.59) 3.46 (0.79,15.15) 
PLineartrend P<0.001 P. 0.001 P<0.001 P-0.03 
P Non-linear trend P-0.003 P-0.008 P-0.057 P-0.019 
Ethnicity: 
White 1.00 1.00 1.00 1.00 
Non-white 1.76 (1.24,2.49) 1.38 (0.87,2.18) 1.78 (1.08,2.93) 135 (0.70,2.60) 
Ecological variables: 
IMD2004: 
Least deprived 1.00 1.00 1.00 1.00 
2 1.38(l. 03,1.86) 1.22 (0.87,1.71) 1.41(0.93,2.13) 1.28(0.79,2.08) 
3 1.91(l. 45,2.53) 1.77 (1.30,2.42) 1.68 (1.12,2.51) 1.57(0.99,2.50) 
4 2.35 (1.78,3.08) 2.20 (1.61,3.00) 2.22(1.51,3.28) 2.14 (1.35,3.39) 
Most Deprived 2.96(2.26,3.88) 2.44 (1.76,3.37) 2.99 (2.04,4.37) 2.74 (1.71,439) 
P Linear trend P<0.001 P<0.001 P<0.001 P<0.001 
P Non-linear trend P-0.83 P-0.59 P-0.96 P-0.99 
Rurality: 
Urban >10k 1.00 1.00 1.00 1.00 
Town & fringe 0.88 (0.69,1.12) 1.19 (0.90,1.57) 0.86 (0.61,1.23) 1.33 (0.88,2.00) 
Village/ isolated 0.60 (0.45,0.81) 0.95 (0.67,1.34) 0.63 (0.42,0.95) 1.19 (0.74,1.90) 
PLineartrend P-0.001 P-0.83 P-0.022 P-0.26 
P Non-linear trend P-0.41 P-0.23 P-0.68 P-0.37 
Ethnic mix of area: 
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White 1.00 1.00 
Non-white 1.17 (0.95,1.44) - 1.01 (0.76,1.34) 
Risk factors: 
Obesity 
BMI < 32 1.00 1.00 1.00 1.00 
BMI >= 32 2.54 (2.11,3.04) 2.48 (2.06,3.00) 2.79 (2.15,3.62) 2.88 (2.21,3.77) 
Table A. M. Rates of need for knee replacement, by socio-demographic groups 
using different choices of threshold to classify those in need of surgery 
Threshold of 43 Threshold of 53 
Crude RR Adjusted RR Crude RR Adjusted RR 
(95%CI) (95%CI) (95%CI) (95%CI) 
Individual level variables: 
Age groups: 
50-54 1.00 1.00 1.00 1.00 
55-59 1.18 (0.91,1.54) 1.17 (0.88,1.54) 1.25 (0.87,1.79) 1.35 (0.91,2.00) 
60-64 1.47 (1.13,1.91) 1.28 (0.97,1.71) 1.36 (0.93,1.97) 1.32 (0.87,2.00) 
65-69 1.59 (1.23,2.05) 1.35 (1.02,1.78) 1.42 (0.98,2.05) 1.14 (0.75,1.74) 
70-74 1.74 (1.34,2.26) 1.55 (1.17,2.06) 1.42 (0.97,2.08) 1.25 (0.81,1.94) 
75-79 2.13 (1.63,2.77) 2.08 (1.56,2.78) 1.91(1.31,2.80) 2.04 (1.33,3.12) 
80-84 2.53 (1.93,3.32) 2.26 (1.65,3.08) 2.49 (1.70,3.66) 2.38 (1.51,3.76) 
85+ 2.16 (1.54,3.03) 2.46 (1.66,3.67) 2.22 (1.38,3.56) 2.82 (1.58,5.02) 
P Linear trend P<0.001 P<0.001 P<0.001 P<0.001 
P Non-linear trend P=0.62 P=0.92 P=0.77 P=0.25 
Sex: 
Female 1.00 1.00 1.00 1.00 
Male 0.77 (0.67,0.88) 0.82 (0.69,0.97) 0.78 (0.64,0.95) 0.93 (0.73,1.19) 
Social Class: 
I- Professional 1.00 1.00 1.00 1.00 
II - Managerial & Technical 2.20 (1.19,4-05) 
III N- Skilled - non-manual 3.10 (1.69,5.69) 
III M- Skilled - manual 4.35 (2.38,7.95) 
1V - Partly skilled 4.78 (2.61,8.76) 
V- Unskilled 4.89 (2.62,9.13) 



















P Non-linear trend P=0.008 P=0.03 P=0.035 P=0.040 
Ethnicity: 
White 1.00 1.00 1.00 1.00 
Non-white 1.68 (124,2.27) 1.12 (0.74,1.70) 1.95 (1.29,2.95) 1.26 (0.69,2.28) 
Ecological variables: 
IMD2004: 
Least deprived 1.00 1.00 1.00 1.00 
2 1.32(l. 03,1.71) 1.28 (0.96,1.70) 1.42(0.98,2.05) 1.38 (0.90,2.14) 
3 1.78 (1.40,2.27) 1.67(1.27,2.19) 1.60(1.11,2.30) 1.59 (1.05,2.42) 
4 2.38(1.89,3.00) 2.33 (1.79,3.04) 2.50 (1.78,3.52) 2.39 (1.59,3.60) 
Most Deprived 3.13 (2.49,3.93) 2.81 (2.14,3.69) 3.59 (2.58,5.00) 3.36 (2.23,5.06) 
P Linear trend P<0.001 P<0.001 P<0.001 P<0.001 
P Non-linear trend P =1.00 P=0.90 P=0.60 P=0.81 
Rurality: 
Urban >10k 1.00 1.00 1.00 1.00 
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Town & fringe 
Village/ isolated 
P Linear trend 
P Non-linear trend 
0.97 (0.80,1.19) 1.38 (1.11,1.73) 











Ethnic mix of area: 
White 1.00 - 1.00 
Non-white 1.03 (0.87,1.22) - 0.85 (0.67,1.06) 
Risk factors: 
Obesity 
BMI < 32 1.00 1.00 1.00 1.00 




Table A. 9.6. Predicted rates of need for hip replacement in each of the 354 
districts in England 
District name District code 
Rate per 1000 population 
(95%CI) 
Adur 45UB 44.84 (38.28,51.99) 
Allerdale 16UB 52.41 (43.34,62.45) 
Alnwick 35UB 42.31 (32.53,53.57) 
Amber Valley 17UB 45.10 (38.75,52.13) 
Arun 45UC 45.32 (38.63,52.69) 
Ashfield 37UB 58.80 (49.65,69.03) 
Ashford 29UB 35.54 (30.94,40.54) 
Aylesbury Vale 11UB 27.24 (22.36,32.74) 
Babergh 42UB 33.12 (28.08,38.58) 
Barking and Dagenham OOAB 62.42 (54.33,70.92) 
Barnet OOAC 42.18 (36.14,48.73) 
Barnsley 000C 63.83 (52.43,76.80) 
Barrow-in-Furness 16UC 61.08 (52.37,70.64) 
Basildon 22UB 46.59 (41.40,51.95) 
Basingstoke and Deane 24UB 29.25 (24.78,34.07) 
Bassetlaw 37UC 52.54 (45.13,60.56) 
Bath and North East Somerset OOHA 35.66 (30.85,40.81) 
Bedford 09UD 41.76 (36.49,47.32) 
Berwick-upon-Tweed 35UC 50.96 (40.18,63.25) 
Bexley OOAD 37.42 (32.54,42.64) 
Birmingham OOCN 65.21 (56.67,74.25) 
Blaby 31UB 28.73 (23.72,34.15) 
Blackburn with Darwen OOEX 58.33 (51.01,66.15) 
Blackpool OOEY 63.87 (56.07,71-94) 
Blyth Valley 35UD 56.01 (48-17,64-54) 
Bolsover 17UC 63.92 (53.85,75.11) 
Bolton OOBL 57.89 (50.72,65.43) 
Boston 32UB 49.34 (41.93,57.68) 
Bournemouth OOHN 57.05 (49.96,64.58) 
Bracknell Forest OOMA 31.02 (26.37,36.03) 
Bradford OOCX 59.82 (52.57,67.38) 
Braintree 22UC 36.19 (31.60,41.11) 
Breckland 33UB 39.56 (32.84,47.17) 
Brent OOAE 52.28 (46.01,58.79) 
Brentwood 22UD 30.56 (25.84,35.67) 
Bridgnorth 39UB 37.08 (30.91,43.94) 
Brighton and Hove OOML 56.60 (49.64,64.00) 
Bristol, City of OOHS 57.72 (50.86,64.93) 
Broadland 33UC 32.14 (26.45,38.49) 
Bromley OOAF 35.80 (30.67,41.33) 
Bromsgrove 47UB 31.34 (26.53,36.59) 
Broxbourne 26UB 37.17 (32.08,42.62) 
Broxtowe 37UD 41.60 (36.05,47.54) 
Burnley 30UD 59.34 (52.01,67.01) 
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Bury OOBM 49.55 (43.68,55.66) 
Calderdale OOCY 53.35 (47.13,59.82) 
Cambridge 12UB 41.18 (35.66,47.16) 
Camden OOAG 65.24 (56.70,74.23) 
Cannock Chase 41UB 48.23 (42.23,54.54) 
Canterbury 29UC 43.80 (38.20,49.74) 
Caradon 15UB 46.41 (37.42,56.61) 
Carlisle 16UD 49.86 (41.85,58.77) 
Carrick 15UC 46.57 (39.16,54.81) 
Castle Morpeth 35UE 41.15 (34.52,48.45) 
Castle Point 22UE 35.82 (30.54,41.50) 
Chamwood 31UC 35.23 (30.49,40.30) 
Chelmsford 22UF 28.54 (23.83,33.62) 
Cheltenham 23UB 37.54 (32.14,43.43) 
Cherwell 38UB 30.42 (25.94,35.26) 
Chester 13UB 41.26 (36.99,45.66) 
Chester-le-Street 20UB 50.20 (43.80,56.91) 
Chesterfield 17UD 55.69 (49.21,62.41) 
Chichester 45UD 35.53 (29.74,41.98) 
Chiltern 11UC 25.92 (20.69,31.74) 
Chorley 30UE 41.67 (36.50,47.02) 
Christchurch 19UC 38.35 (30.09,47.96) 
City of London OOAA 34.93 (29.85,40.44) 
Colchester 22UG 37.55 (32.60,42.87) 
Congleton 13UC 29.17 (24.19,34.65) 
Copeland 16UE 54.78 (45.93,64.58) 
Corby 34UB 55.93 (49.49,62.56) 
Cotswold 23UC 30.02 (24.30,36.53) 
Coventry OOCQ 57.70 (50.99,64.68) 
Craven 36UB 36.33 (30.48,42.93) 
Crawley 45UE 38.57 (33.03,44.52) 
Crewe and Nantwich 13UD 40.42 (36.10,44.87) 
Croydon OOAH 43.42 (38.13,48.97) 
Dacorum 26UC 31.01 (26.31,36.07) 
Darlington OOEFH 52.38 (46.78,58.18) 
Dartford 29UD 40.67 (35.75,45.81) 
Daventry 34UC 29.53 (24.85,34.67) 
Derby OOFK 52.99 (47.05,59.14) 
Derbyshire Dales 17UF 37.01 (30.14,44.79) 
Derwentside 2OUD 60.66 (49.20,73.56) 
Doncaster OOCE 63.57 (55.35,72.31) 
Dover 29UE 46.89 (41.42,52.68) 
Dudley 000R 49.23 (43.56,55.11) 
Durham 2OUE 49.12 (40.33,59.44) 
Ealing OOAJ 50.72 (44.38,57.36) 
Easington 20UF 75.43 (60.42,93.18) 
East Cambridgeshire 12UC 32.84 (26.85,39.61) 
East Devon 18UB 40.36 (32.88,48.83) 
East Dorset 19UD 30.39 (24.67,36.93) 
East Hampshire 24UC 26.20 (20.94,32.0-1) 
East Hertfordshire 26UD 24.55 (19.10,30.61) 
East Lindsey 32UC 55.70 (47.48,64.64) 
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East Northamptonshire 34UD 35.21 (30.10,40.73) 
East Riding of Yorkshire 00FB 40.45 (35.43,45.76) 
East Staffordshire 41UC 42.58 (37.71,47.65) 
Eastbourne 21UC 51.54 (44.26,59.45) 
Eastleigh 24UD 29.43 (24.49,34.90) 
Eden 16UF 38.04 (30.31,47.09) 
Ellesmere Port & Neston 13UE 44.82 (39.70,50.11) 
Elmbridge 43UB 27.05 (21.03,33.96) 
Enfield OOAK 50.07 (43.94,56.52) 
Epping Forest 22UH 38.00 (32.97,43.39) 
Epsom and Ewell 43UC 28.16 (22.57,34.46) 
Erewash 17UG 45.37 (40.25,50.73) 
Exeter 18UC 51.69 (45.65,57.98) 
Fareham 24UE 27.82 (22.52,33.77) 
Fenland 12UD 49.11 (42.86,55.78) 
Forest Heath 42UC 35.55 (28.75,43.20) 
Forest of Dean 23UD 40.44 (33.38,48.34) 
Fylde 30UF 42.73 (36.33,49.73) 
Gateshead OOCH 60.80 (53.33,68.57) 
Gedling 37UE 41.26 (36.58,46.12) 
Gloucester 23UE 45.12 (40.09,50.29) 
Gosport 24UF 39.05 (33.33,45.34) 
Gravesham 29UG 41.70 (36.54,47.10) 
Great Yarmouth 33UD 55.47 (49.15,62.02) 
Greenwich GOAL 60.50 (53.27,68.01) 
Guildford 43UD 28.00 (22.99,33.55) 
Hackney OOAM 75.60 (62.42,90.12) 
Halton OOET 63.83 (54.65,73.74) 
Hambleton 36UC 31.76 (25.98,38.25) 
Hammersmith and Fulham OOAN 58.64 (51.24,66.46) 
Harborough 31UD 26.80 (21.52,32.70) 
Haringey OOAP 66.74 (57.09,77.13) 
Harlow 221Jj 50.33 (43.23,57.92) 
Harrogate 36UD 33.08 (28.32,38.25) 
Harrow OOAQ 36.47 (30.92,42.52) 
Hart 24UG 23.06 (17.42,29.37) 
Hartlepool OOEB 63.12 (52.98,74.39) 
Hastings 21UD 61.72 (54.15,69.70) 
Havant 24UH 46.04 (40.27,52.17) 
Havering OOAR 39.57 (34.24,45.26) 
Herefordshire, County of OOGA 40.30 (33.27,48.23) 
Hertsmere 26UE 36.89 (32.01,42.07) 
High Peak 17UH 40.34 (35.58,45.36) 
Hillingdon GOAS 42.37 (37.10,47.94) 
Hinckley and Bosworth 31UE 33.41 (28.44,38.76) 
Horsham 45UF 26.05 (19.67,33.42) 
Hounslow GOAT 50.63 (43.28,58.45) 
Huntingdonshire 12UE 29.03 (23.96,34.71) 
Hyndburn 30UG 58.14 (50.89,65.76) 
Ipswich 42UD 53.74 (47.49,60.26) 
Isle of Wight 00MW 51.99 (45.10,59.31) 
Isles of Scilly 15UH 32.15 (21.71,45.08) 
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Islington OOAU 75.56 (62.45,90.04) 
Kennet 46UB 31.14 (25.74,37.19) 
Kensington and Chelsea OOAW 48.59 (42.89,54.59) 
Kerrier 15UD 54.71 (46.01,64.31) 
Kettering 34UE 40.88 (35.86,46.17) 
King's Lynn and West Norfolk33UE 45.67 (38.63,53.53) 
Kingston upon Hull, City of OOFA 69.16 (58.61,80.70) 
Kingston upon Thames 0OAX 35.71 (29.57,42.56) 
Kirklees 000Z 54.98 (48.72,61.40) 
Knowsley OOBX 67.89 (58.57,77.86) 
Lambeth OOAY 64.95 (56.20,74.19) 
Lancaster 30UH 49.71 (44.44,55.13) 
Leeds OODA 53.80 (47.76,60.02) 
Leicester OOFN 64.08 (56.07,72.50) 
Lewes 21UF 39.95 (34.33,46.05) 
Lewisham OOAZ 60.26 (51.57,69.56) 
Lichfield 41UD 34.72 (30.57,39.06) 
Lincoln 32UD 58.93 (51.79,66.37) 
Liverpool OOBY 70.12 (59.85,81.21) 
Luton OOKA 48.69 (43.10,54.44) 
Macclesfield 13UG 33.81 (29.37,38.58) 
Maidstone 29UH 33.21 (28.73,38.06) 
Maldon 22UK 31.70 (26.37,37.66) 
Malvern Hills 47UC 35.76 (28.85,43.81) 
Manchester OOBN 74.06 (61.99,87.28) 
Mansfield 37UF 64.51(56.37,73.13) 
Medway OOLC 42.57 (37.32,48.02) 
Melton 31UG 29.26 (24.53,34.47) 
Mendip 40UB 39.05 (33.67,44.93) 
Merton OOBA 38.93 (33.82,44.35) 
Mid Bedfordshire 09UC 26.22 (21.08,31.94) 
Mid Devon 18UD 43.36 (35.92,51.65) 
Mid Suffolk 42UE 29.25 (23.51,35.74) 
Mid Sussex 45UG 25.34 (19.44,32.01) 
Middlesbrough OOEC 61.57 (53.56,70.04) 
Milton Keynes 00MG 38.74 (34.12,43.64) 
Mole Valley 43UE 26.09 (20.42,32.47) 
New Forest 24UJ 32.78 (27.18,39.00) 
Newark and Sherwood 37UG 46.17 (39.58,53.35) 
Newcastle upon Tyne OOCJ 64.33 (55.60,73.69) 
Newcastle-under-Lyme 41UE 47.31 (41.91,53.05) 
Newham OOBB 75.32 (62.18,89.77) 
North Cornwall 15UE 51.23 (40.24,63.84) 
North Devon 18UE 47.44 (40.41,55.28) 
North Dorset 19UE 37.20 (29.60,45.74) 
North East Derbyshire 17UJ 44.80 (38.11,52.09) 
North East Lincolnshire OOFC 57.34 (49.34,66.01) 
North Hertfordshire 26UF 31.42 (26.60,36.59) 
North Kesteven 32UE 34.68 (29.30,40.59) 
North Lincolnshire OOFD 48.99 (42.86,55.59) 
North Norfolk 33UF 46.42 (36.96,57.17) 
North Shropshire 39UC 43.84 (34.86,54.08) 
482 
Appendices 
North Somerset OOHC 39.10 (34.71,43.67) 
North Tyneside OOCK 55.04 (49.17,61.00) 
North Warwickshire 44UB 41.19 (34.89,48.17) 
North West Leicestershire 31UH 42.41 (36.84,48.38) 
North Wiltshire 46UC 28.02 (23.38,33.07) 
Northampton 34UF 46.05 (40.95,51.27) 
Norwich 33UG 60.86 (53.28,68.92) 
Nottingham OOFY 68.68 (59.17,78.81) 
Nuneaton and Bedworth 44UC 48.07 (42.44,53.91) 
Oadby and Wigston 31UJ 32.76 (27.77,38.17) 
Oldham OOBP 55.49 (49.09,62.14) 
Oswestry 39UD 43.21 (36.50,50.61) 
Oxford 38UC 47.48 (41.63,53.75) 
Pendle 30UJ 55.11 (49.09,61.30) 
Penwith 15UF 60.13 (48.88,73.13) 
Peterborough OOJA 48.37 (43.27,53.53) 
Plymouth OOHG 55.63 (48.27,63.54) 
Poole OOHP 41.33 (35.55,47.64) 
Portsmouth OOMR 53.28 (46.95,59.86) 
Preston 30UK 52.45 (46.46,58.62) 
Purbeck 19UG 39.78 (32.19,48.39) 
Reading 00MC 45.62 (39.61,51.96) 
Redbridge 00BC 44.44 (38.34,51.01) 
Redcar and Cleveland OOEE 59.54 (49.12,71.34) 
Redditch 47UD 42.23 (36.74,48.02) 
Reigate and Banstead 43UF 28.96 (23.54,35.08) 
Restormel 15UG 54.69 (44.85,65.70) 
Ribble Valley 30UL 32.53 (27.66,37.80) 
Richmond upon Thames OOBD 31.09 (25.38,37.37) 
Richmondshire 36UE 36.29 (28.97,44.47) 
Rochdale OOBQ 59.94 (52.74,67.44) 
Rochford 22UL 29.13 (24.45,34.30) 
Rossendale 30UM 52.53 (44.95,60.81) 
Rother 21UG 46.34 (40.08,53.15) 
Rotherham OOCF 57.21 (50.00,64.83) 
Rugby 44UD 36.17 (31.62,40.94) 
Runnymede 43UG 29.61 (24.07,35.68) 
Rushcliffe 37UJ 31.29 (26.03,37.07) 
Rushmoor 24UL 29.37 (24.33,34.91) 
Rutland 0017P 25.37 (18.82,33.05) 
Ryedale 36UF 36.22 (28.30,45.40) 
Salford OOBR 66.27 (57.25,75.83) 
Salisbury 46UD 34.06 (28.53,40.22) 
Sandwell 000S 68.67 (59.12,78.80) 
Scarborough 36UG 53.10 (45.74,61.16) 
Sedgefield 20UG 59.65 (46.94,74.35) 
Sedgemoor 40UC 41.38 (36.20,46.81) 
Sefton OOCA 53.93 (47.47,60.72) 
Selby 36UH 35.20 (28.82,42.30) 
Sevenoaks 29UK 29.16 (24.41,34.39) 
Sheffield OOCG 55.77 (49.40,62.36) 
Shepway 29UL 50.72 (44.80,56.91) 
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Shrewsbury and Atcham 39UE 41.51 (36.51,46.79) 
Slough OOMD 46.86 (40.40,53.70) 
Solihull 000T 40.16 (35.24,45.32) 
South Bedfordshire 09UE 33.30 (29.07,37.75) 
South Bucks 11UE 29.64 (24.56,35.16) 
South Cambridgeshire 12UG 25.00 (18.49,32-65) 
South Derbyshire 17UK 38.58 (33.69,43.73) 
South Gloucestershire 0OHD 29.84 (25.29,34.71) 
South Hams 18UG 39.15 (31.78,47.43) 
South Holland 32UF 42.10 (35.49,49.30) 
South Kesteven 32UG 35.33 (30.86,40.11) 
South Lakeland 16UG 35.26 (29.25,42.07) 
South Norfolk 33UH 31.89 (26.23,38.19) 
South Northamptonshire 34UG 24.94 (18.81,32.07) 
South Oxfordshire 38UD 27.01 (21.70,33.00) 
South Ribble 30UN 36.67 (32.25,41.32) 
South Shropshire 39UF 43.31 (34.40,53.29) 
South Somerset 40UD 40.12 (33.18,48.04) 
South Staffordshire 41UF 34.22 (29.60,39.18) 
South Tyneside OOCL 62.96 (54.99,71.25) 
Southampton 00MS 55.34 (48.74,62.20) 
Southend-on-Sea OOKF 53.05 (46.81,59.55) 
Southwark 00BE 67.09 (57.97,76.70) 
Speithorne 43UH 30.80 (25.70,36.42) 
St Albans 26UG 28.98 (23.93,34.55) 
St Edmundsbury 42UF 32.74 (28.33,37.46) 
St. Helens OOBZ 60.14 (51.86,69.16) 
Stafford 41UG 35.02 (30.77,39.49) 
Staffordshire Moorlands 41U}I 40.10 (34.19,46.58) 
Stevenage 26UH 41.28 (35.51,47.47) 
Stockport OOBS 41.81 (36.94,46.93) 
Stockton-on-Tees OOEF 51.77 (45.74,58.07) 
Stoke-on-Trent OOGL 68.63 (58.90,79.03) 
Stratford-on-Avon 44UE 28.84 (23.37,34.97) 
Stroud 23UF 32.58 (27.34,38.31) 
Suffolk Coastal 42UG 35.40 (30.68,40.38) 
Sunderland 000M 62.82 (54.92,71.06) 
Surrey Heath 43UJ 25.49 (20.04,31.61) 
Sutton 00BF 36.45 (31.34,41.97) 
Swale 29UM 46.63 (41.54,51.85) 
Swindon 001; X 41.29 (36.80,45.89) 
Tameside 00BT 59.95 (51.69,68.74) 
Tamworth 41UK 44.09 (37.33,51.52) 
Tandridge 43UK 29.22 (24.20,34.69) 
Taunton Deane 40UE 41.30 (35.99,47.06) 
Teesdale 201Ji i 42.99 (3-1,19,52.75) 
Teignbridge 18U11 46.72 (40.36,53.53) 
Telford and Wrekin OOGF 47.48 (42.01,53.16) 
Tendring 22UN 54.16 (48.06,60.43) 
Test Valley 24UN 27.27 (22.39,32.66) 
Tewkesbury 23UG 32.41 (27.85,37.24) 
Thanet 29UN 55.02 (48.93,61.30) 
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Three Rivers 26UJ 30.07 (25.00,35.69) 
Thurrock 00KG 47.18 (41.65,52.86) 
Tonbridge and Malling 29UP 29.40 (24.82,34.39) 
Torbay OOHH 56.65 (49.44,64.30) 
Torridge 18UK 47.91 (39.86,57.08) 
Tower Hamlets OOBG 72.78 (60.87,85.83) 
Trafford OOBU 45.78 (40.38,51.42) 
Tunbridge Wells 29UQ 32.45 (27.58,37.72) 
Tynedale 35UF 39.69 (33.08,47.08) 
Uttlesford 22UQ 24.71 (18.61,31.73) 
Vale Royal 13UH 40.92 (36.14,45.93) 
Vale of White Horse 38UE 26.42 (20.94,32.55) 
Wakefield 00DB 62.37 (54.26,71.03) 
Walsall 000U 58.70 (51.50,66.22) 
Waltham Forest OOBH 61.97 (54.33,69.94) 
Wandsworth OOBJ 50.61 (43.94,57.67) 
Wansbeck 35UG 61.35 (53.25,69.92) 
Warrington OOEU 45.26 (40.37,50.34) 
Warwick 44UF 35.77 (31.03,40.82) 
Watford 26UK 38.50 (33.16,44.24) 
Waveney 42UH 51.34 (45.33,57.66) 
Waverley 43UL 25.80 (19.92,32.45) 
Wealden 21UH 30.97 (26.04,36.39) 
Wear Valley 20UJ 68.60 (56.09,83.12) 
Wellingborough 34UH 42.52 (36.69,48.67) 
Welwyn Hatfield 26UL 35.61 (30.85,40.67) 
West Berkshire 00MB 27.05 (22.45,32.07) 
West Devon 18UL 42.41 (34,50,51.41) 
West Dorset 19UH 39.49 (32.46,47.51) 
West Lancashire 30UP 45.48 (40.47,50.69) 
West Lindsey 32UH 42.87 (36.56,49.73) 
West Oxfordshire 38UF 25.75 (19.51,32.95) 
West Somerset 40UF 53.21 (43.25,64.49) 
West Wiltshire 46UF 34.56 (29.80,39.65) 
Westminster OOBK 55.30 (48.28,62.71) 
Weymouth and Portland 19UJ 50.51 (44.14,57.25) 
Wigan OOBW 58.30 (50.03,67.23) 
Winchester 24UP 28.63 (23.27,34.67) 
Windsor and Maidenhead DOME 28.00 (23.05,33.43) 
Wirral OOCB 55.11 (49,10,61.24) 
Woking 43UM 28.00 (22.64,34.02) 
Wokingham OOMF 22.98 (17.43,29-22) 
Wolverhampton 000W 61.08 (53.73,68.73) 
Worcester 47UE 44.39 (39.28,49.72) 
Worthing 45UH 47.17 (40.04,55.05) 
Wychavon 47UF 32.51 (26.97,38.77) 
Wycombe 11UF 29.44 (24.89,34.38) 
Wyre 30UQ 46.59 (40.53,53.10) 
Wyre Forest 47UG 43.96 (38.33,49.97) 
York 00FF 38.72 (33.87,43.85) 
485 
Appendices 
Table A. 9.7. Predicted rates of need for knee replacement in each of the 354 
districts in England 
District name District code 
Rate per 1000 population 
(95%CI) 
Adur 45UB 57.11 (50.03,64.74) 
Allerdale 16UB 75.99 (64.89,88.02) 
Alnwick 35UB 60.93 (48.72,74.61) 
Amber Valley 17UB 60.74 (53.68,68.42) 
Arun 45UC 59.71 (51.98,68.18) 
Ashfield 37UB 83.23 (72.39,94.85) 
Ashford 29UB 48.10 (42.87,53.73) 
Aylesbury Vale 11UB 36.08 (30.24,42.48) 
Babergh 42UB 44.47 (38.73,50.90) 
Barking and Dagenham OOAB 85.85 (76.77,95.34) 
Barnet OOAC 53.44 (46.91,60.52) 
Barnsley 000C 93.46 (79.18,109.00) 
Barrow-in-Furness 16UC 87.36 (77.12,98.52) 
Basildon 22UB 62.93 (57.20,68.92) 
Basingstoke and Deane 24UB 37.95 (32.82,43.41) 
Bassetlaw 37UC 74.45 (65.64,84.50) 
Bath and North East Somerset OOEHA 46.64 (41.34,52.34) 
Bedford 09UD 55.05 (49.38,61.03) 
Berwick-upon-Tweed 35UC 71.23 (58.40,85.09) 
Bexley OOAD 48.45 (43.19,54.25) 
Birmingham OOCN 90.24 (80.46,100.57) 
Blaby 31UB 37.18 (31.51,43.54) 
Blackburn with Darwen OOEX 80.64 (72.16,89.63) 
Blackpool OOEY 88.54 (79.65,97.95) 
Blyth Valley 35UD 79.45 (70.52,89.11) 
Bolsover 17UC 94.15 (81.92,108.06) 
Bolton OOBL 78.18 (70.20,86.65) 
Boston 32UB 68.15 (59.30,77.68) 
Bournemouth OOHN 75.70 (68.06,83.73) 
Bracknell Forest OOMA 39.96 (34.56,45.56) 
Bradford 000X 82.58 (74.53,91.01) 
Braintree 22UC 47.87 (42.78,53.33) 
Breckland 33UB 53.56 (45.60,62.35) 
Brent OOAE 69.09 (62.46,76.18) 
Brentwood 22UD 39.90 (31.45,45.81) 
Bridgnorth 39UB 49.67 (42.61,57.57) 
Brighton and Hove OOML 75.20 (67.68,83.35) 
Bristol, City of OOHB 78.97 (71.27,87.00) 
Broadland 33UC 43.43 (36.81,50.78) 
Bromley OOAF 47.57(41.78,53.96) 
Bromsgrove 47UB 41.07 (35.70,46.99) 
Broxbourne 26UB 47.06 (41.57,52.78) 
Broxtowe 37UD 52.92(46.97,59.15) 
Burnley 3OUD 82.10 (74.10,90.82) 
Bury OOBM 64.82 (58.52,71.40) 
Calderdale OOCY 70.95 (&1.37,77.93) 
Cambridge 12UB 53.27(47.21,60.11) 
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Camden OOAG 90.21 (80.67,100.43) 
Cannock Chase 41UB 65.75 (59.06,72.76) 
Canterbury 29UC 55.79 (49.89,62.07) 
Caradon 15UB 61.96 (51.54,73.39) 
Carlisle 16UD 70.71 (61.12,80.97) 
Carrick 15UC 61.40 (53.18,70.55) 
Castle Morpeth 35UE 55.81 (48.29,64.09) 
Castle Point 22UE 45.42 (39.57,51.53) 
Charnwood 31UC 45.24 (40.29,50.79) 
Chelmsford 22UF 37.41 (32.08,43.35) 
Cheltenham 23UB 50.59 (44.48,57.60) 
Cherwell 38UB 40.20 (34.93,45.83) 
Chester 13UB 54.71 (50.23,59.49) 
Chester-le-Street 20UB 69.16 (61.85,77.28) 
Chesterfield 17UD 76.46 (69.25,83.96) 
Chichester 45UD 48.43 (41.77,56.22) 
Chiltern 11UC 34.73 (28.43,41.61) 
Chorley 30UE 55.63 (50.04,61.64) 
Christchurch 19UC 52.28 (42.22,63.77) 
City of London OOAA 45.78 (40.02,52.28) 
Colchester 22UG 48.47 (43.32,54.16) 
Congleton 13UC 38.90 (32.99,45.63) 
Copeland 16UE 80.91 (69.85,93.37) 
Corby 34UB 76.97 (69.92,84.59) 
Cotswold 23UC 41.35 (34.43,49.22) 
Coventry OOCQ 78.05 (70.72,85.96) 
Craven 36UB 49.57 (42.72,57.66) 
Crawley 45UE 48.48 (42.53,54.70) 
Crewe and Nantwich 13UD 54.60 (49.88,59.41) 
Croydon OOAH 56.93 (51.23,63.08) 
Dacorum 26UC 40.31 (34.91,46.06) 
Darlington OOEH 71.66 (65.28,78.36) 
Dartford 29UD 53.83 (48.57,59.45) 
Daventry 34UC 38.61 (33.34,44.35) 
Derby OOFK 71.73 (65.27,78.61) 
Derbyshire Dales 17UF 49.91 (41.81,59.24) 
Derwentside 20UD 87.74 (74.09,102.79) 
Doncaster OOCE 90.72 (81.14,101.04) 
Dover 29UE 63.15 (57.23,69.60) 
Dudley 000R 65.31 (59.17,71.92) 
Durham 20UE 72.51 (60.93,86.68) 
Ealing OOAJ 66.89 (60.10,74.21) 
Easington 20UF 116.54 (95.87,139.97) 
East Cambridgeshire 12UC 43.09 (36.45,50.53) 
East Devon 18UB 55.49 (46.90,65.59) 
East Dorset 19UD 41.20 (34.32,49.24) 
East Hampshire 24UC 35.51 (29.00,42.50) 
East Hertfordshire 26UD 33.14 (26.43,40.34) 
East Lindsey 32UC 79.81 (69.80,90.64) 
East Northamptonshire 34UD 46.09 (40.54,52.21) 
East Riding of Yorkshire 0OFB 54.60 (49.11,60.53) 
East Staffordshire 41UC 57.50 (52.15,63.11) 
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Eastbourne 21UC 65.64 (57.70,74.28) 
Eastleigh 24UD 39.09 (33.02,45.66) 
Eden 16UF 51.33 (42.27,61.71) 
Ellesmere Port & Neston 13UE 61.78 (56.01,67.82) 
Elmbridge 43UB 36.84 (29.15,45.41) 
Enfield OOAK 66.10 (59.33,73.21) 
Epping Forest 22UIi 48.99 (43.59,54.69) 
Epsom and Ewell 43UC 37.97 (31.12,45.85) 
Erewash 17UG 59.96 (54.38,65.74) 
Exeter 18UC 67.85 (61.51,74.54) 
Fareham 24UE 36.82 (30.40,43.99) 
Fenland 12UD 65.88 (58.99,73.13) 
Forest Heath 42UC 46.29 (38.71,55.32) 
Forest of Dean 23UD 53.26 (45.31,62.02) 
Fylde 30UF 55.28 (48.06,63.17) 
Gateshead 000H 85.57 (77.17,94.34) 
Gedling 37UE 54.02 (49.06,59.18) 
Gloucester 23UE 60.43 (54.87,66.15) 
Gosport 24UF 51.59 (45.02,58.66) 
Gravesham 29UG 54.98 (49.44,60.84) 
Great Yarmouth 33UD 75.44 (68.45,82.83) 
Greenwich GOAL 82.30 (74.36,90.64) 
Guildford 43UD 37.57 (31.49,4-1.20) 
Hackney OOAM 107.31 (91.82,124,30) 
Halton OOET 90.80 (79.98,102.45) 
Hambleton 36UC 43.32 (36.69,50.99) 
Hammersmith and Fulham OOAN 80.01 (71.84,88.62) 
Harborough 31UD 35.71 (29.35,42.70) 
Haringey OOAP 92.73 (81.56,10.1.43) 
Harlow 22UJ 67.10 (59.18,75.38) 
Harrogate 36UD 44.53 (38.96,50.48) 
Harrow OOAQ 46.42 (40.24,53.09) 
Hart 24UG 31.24 (24.31,38.80) 
Hartlepool OOEB 89.54 (77.21,102.70) 
Hastings 21UD 83.97 (75.64,92.95) 
Havant 24U11 60.27 (53.74,67.09) 
Havering OOAR 50.72 (44.87,56.73) 
Herefordshire, County of OOGA 54.50 (46.29,63.68) 
Hertsmere 26UE 48.04 (42.67,53.79) 
High Peak 17UII 53.86 (48.64,59.60) 
Hillingdon GOAS 55.35 (49.61,61.48) 
Hinckley and Bosworth 31UE 42.99 (37.45,48.91) 
Horsham 45UF 35.58 (27.65,44.31) 
Hounslow GOAT 67.04 (58.86,75.80) 
Huntingdonshire 12UE 38.20 (32.30,44.87) 
Hyndburn 3OUG 80.0.1(71.79,88-50) 
Ipswich 42UD 72.48 (65.69,79.81) 
Isle of Wight 00MW 71.07 (63.52,79.71) 
Isles of Scilly 151JI1 45.46 (32.84,61.20) 
Islington OOAU 107.15 (91.78,124.02) 
Kennet 46UB 41.72 (35.51,48.86) 
Kensington and Chelsea OOAW 64.23 (58.04,70.90) 
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Kerrier 15UD 77.53 (67.27,88.67) 
Kettering 34UE 53.80 (48.41,59.58) 
King's Lynn and West Norfolk33UE 61.69 (53.59,70.66) 
Kingston upon Hull, City of OOFA 98.99 (86.37,112.59) 
Kingston upon Thames OOAX 46.17 (39.23,54.16) 
Kirklees 000Z 74.08 (67.41,81.18) 
Knowsley OOBX 95.42 (84.66,106.79) 
Lambeth 00AY 90.10 (80.51,100.36) 
Lancaster 30UH 68.10 (62.31,74.27) 
Leeds 0ODA 72.09 (65.42,79.21) 
Leicester 0OFN 88.05 (79.06,97.75) 
Lewes 21UF 50.91 (44.84,57.35) 
Lewisham OOAZ 82.30 (72.69,92.43) 
Lichfield 41UD 45.33 (40.71,50.15) 
Lincoln 32UD 80.01 (72.18,88.21) 
Liverpool OOBY 98.25 (86.16,110.92) 
Luton OOKA 64.84 (58.81,71.17) 
Macclesfield 13UG 45.70 (40.47,51.30) 
Maidstone 29UH 44.01 (38.94,49.54) 
Maldon 22UK 41.80 (35.91,48.34) 
Malvern Hills 47UC 48.62 (40.37,58.00) 
Manchester OOBN 104.60 (90.22,119.86) 
Mansfield 37UF 91.67 (82.27,101.89) 
Medway OOLC 55.16 (49.73,60.97) 
Melton 31UG 39.39 (33.81,45.52) 
Mendip 40UB 52.31 (46.21,59.01) 
Merton OOBA 51.43 (45.79,57.60) 
Mid Bedfordshire 09UC 34.77 (28.65,41.56) 
Mid Devon 18UD 57.34 (48.68,66.64) 
Mid Suffolk 42UE 40.15 (33.31,47.85) 
Mid Sussex 45UG 34.88 (27.43,43.06) 
Middlesbrough OOEC 85.21 (75.84,95.20) 
Milton Keynes 00MG 50.77 (45.54,56.04) 
Mole Valley 43UE 35.71 (28.71,43.49) 
New Forest 24UJ 44.20 (37.54,51.49) 
Newark and Sherwood 37UG 65.52 (57.52,74.49) 
Newcastle upon Tyne 000J 88.99 (78.82,99.79) 
Newcastle-under-Lyme 41UE 63.02 (57.16,69.29) 
Newham 00BB 107.25 (91.71,124.00) 
North Cornwall 15UE 72.05 (58.64,87-07) 
North Devon 18UE 64.71 (56.75,73.70) 
North Dorset 19UE 50.53 (41.39,60.89) 
North East Derbyshire 17UJ 63.55 (55-74,72-22) 
North East Lincolnshire OOFC 80.64 (71.13,90.97) 
North Hertfordshire 26UF 41.03 (35.56,47.03) 
North Kesteven 32UE 46.56 (40.35,53.46) 
North Lincolnshire OOFD 66.36 (59.68,73.75) 
North Norfolk 33UF 62.53 (51.38,74.65) 
North Shropshire 39UC 57.91 (47.65,69.11) 
North Somerset OOHC 51.65 (46.91,56.88) 
North Tyneside OOCK 74.48 (68.18,81.08) 
North Warwickshire 44UB 52.99 (46.06,60.23) 
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North West Leicestershire 31UH 55.75 (49.63,62.20) 
North Wiltshire 46UC 37.27 (31.79,43.11) 
Northampton 34UF 61.14 (55.68,66.97) 
Norwich 33UG 82.92 (74.60,91.94) 
Nottingham OOFY 95.91 (84.92,107.63) 
Nuneaton and Bedworth 44UC 64.65 (58.56,71.24) 
Oadby and Wigston 31UJ 41.74 (36.12,47.59) 
Oldham 0013P 75.03 (67.99,82.50) 
Oswestry 39UD 57.65 (50.13,65.84) 
Oxford 38UC 61.90 (55.64,68.78) 
Pendle 30UJ 74.91 (68.3Z 81.84) 
Penwith 15UF 88.94 (74.45,105.64) 
Peterborough OOJA 64.63 (59.22,70.28) 
Plymouth 00HG 76.39 (67.64,85.26) 
Poole 00HP 53.65 (47.10,60.70) 
Portsmouth OOMR 70.84 (64.03,78.06) 
Preston 30UK 71.84 (65.17,78.78) 
Purbeck 19UG 53.31 (44.53,63.44) 
Reading 00MC 59.91 (53.41,66.83) 
Redbridge 008C 56.71 (50.20,63.60) 
Redcar and Cleveland OOEE 87.27 (74.53,101.34) 
Redditch 47UD 56.63 (50.53,63.13) 
Reigate and Banstead 43UF 38.71 (32.09,46.29) 
Restormel 15UG 77.81 (66.05,91.10) 
Ribble Valley SOUL 43.51 (37.99,49.75) 
Richmond upon Thames 00BD 40.73 (34.0-1,4836) 
Richmondshire 36UE 49.09 (40.54,58.47) 
Rochdale OOBQ 82.03 (74.03,90.56) 
Rochford 22UL 38.78 (33.09,44.90) 
Rossendale 30UM 71.94 (63.31,81.40) 
Rother 21UG 60.96 (54.00,68.33) 
Rotherham OOCF 79.84 (71.67,88.67) 
Rugby 44UD 47.55 (42.65,52.67) 
Runnymede 43UG 39.18 (32.59,46.51) 
Rushcliffe 37UJ 41.57 (35.58,48.33) 
Rushmoor 24UL 38.72 (32.66,45.35) 
Rutland OOFP 34.70 (26.68,44.10) 
Ryedale 36UF 49.95 (40.54,60.55) 
Salford 001311 92.87 (82.63,103.78) 
Salisbury 46UD 46.82 (40.32,54.02) 
Sandwell 000S 96.42 (85.5Z 107.99) 
Scarborough 36UG 74.68 (66.29,84.04) 
Sedgefield 2OUG 88.82 (73.20,106.57) 
Sedgemoor 40UC 55.72 (50.0-1,61.76) 
Sefton OOCA 72.92 (65.41,80.52) 
Selby 36U11 48.11 (40.95,55.94) 
Sevenoaks 29UK 39.78 (34.05,45.87) 
Sheffield 000G 75.52 (68.38,82.94) 
Shepway 29UL 68.34 (61.97,75.42) 
Shrewsbury and Atcham 39UE 54.40 (48.98,60.0-1) 
Slough OOMD 60.39 (53.36,67.74) 
Solihull OOCT 53.20 (47.76,59.19) 
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South Bedfordshire 09UE 43.36 (38.66,48.32) 
South Bucks 11UE 39.04 (33.13,45.62) 
South Cambridgeshire 12UG 33.62 (25.68,42.80) 
South Derbyshire 17UK 51.58 (46.15,57.23) 
South Gloucestershire OOHD 38.64 (33.37,44.28) 
South Hams 18UG 54.03 (45.12,64.07) 
South Holland 32UF 56.57 (48.92,64.73) 
South Kesteven 32UG 47.16 (42.28,52.35) 
South Lakeland 16UG 48.47 (41.35,56.69) 
South Norfolk 33UH 43.06 (36.38,50.66) 
South Northamptonshire 34UG 33.81 (26.22,42.37) 
South Oxfordshire 38UD 36.56 (30.31,43.66) 
South Ribble 30UN 48.09 (43.21,53.21) 
South Shropshire 39UF 58.57 (48.22,69.85) 
South Somerset 40UD 54.29 (46.03,63.94) 
South Staffordshire 41UF 44.87 (39.81,50.29) 
South Tyneside OOCL 89.00 (80.15,98.68) 
Southampton OOMS 73.81 (66.77,81.39) 
Southend-on-Sea OOKF 70.16 (63.52,77.31) 
Southwark OOBE 93.59 (83.41,104.48) 
Spelthorne 43UH 40.13 (34.19,46.60) 
St Albans 26UG 38.10 (32.16,44.57) 
St Edmundsbury 42UF 42.96 (38.12,48.05) 
St. Helens OOBZ 85.25 (75.45,95.53) 
Stafford 41UG 45.75 (41.14,50.62) 
Staffordshire Moorlands 41UH 52.65 (46.07,59.72) 
Stevenage 26UH 51.99 (45.99,58.44) 
Stockport OOBS 54.75 (49.54,60.28) 
Stockton-on-Tees OOEF 70.97 (64.20,78.44) 
Stoke-on-Trent OOGL 96.83 (85.72,108.90) 
Stratford-on-Avon 44UE 39.16 (32.72,46.44) 
Stroud 23UF 43.68 (37.63,50.35) 
Suffolk Coastal 42UG 46.80 (41.72,52.25) 
Sunderland 000M 88.22 (79.31,97.76) 
Surrey Heath 43UJ 33.97 (27.31,41.30) 
Sutton OOBF 47.61 (41.79,53.93) 
Swale 29UM 62.08 (56.75,67.65) 
Swindon OOHX 54.61 (49.84,59.69) 
Tameside OOBT 82.56 (73.31,92.40) 
Tamworth 41UK 56.27 (48.77,64.17) 
Tandridge 43UK 39.04 (33.17,45.38) 
Taunton Deane 40UE 54.83 (48.83,61.21) 
Teesdale 20UH 60.09 (49.55,71.53) 
Teignbridge 18UH 62.30 (55.23,70.18) 
Telford and Wrekin OOGF 63.72 (57.82,70.08) 
Tendring 22UN 73.32 (66.76,80.28) 
Test Valley 24UN 36.70 (30.75,42.97) 
Tewkesbury 23UG 42.82 (37.51,48.35) 
Thanet 29UN 73.55 (66.95,80.41) 
Three Rivers 26UJ 39.98 (33.89,46.72) 
Thurrock 00KG 63.61 (57.58,69.87) 
Tonbridge and Mailing 29UP 39.08 (33.72,44.81) 
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Torbay OOHH 75.40 (67.48,83.72) 
Torridge 18UK 63.80 (54.65,73.91) 
Tower Hamlets OOBG 102.89 (88.75,117.97) 
Trafford OOBU 59.93 (54.14,65.93) 
Tunbridge Wells 29UQ 42.79 (37.21,48.74) 
Tynedale 35UF 52.80 (45.22,60.96) 
Uttlesford 22UQ 33.53 (26.10,41.87) 
Vale Royal 13UH 54.75 (49.64,60.38) 
Vale of White Horse 38UE 35.46 (28.76,42.70) 
Wakefield 00DB 87.81 (78.01,98.00) 
Walsall 000U 80.32 (72.13,88.96) 
Waltham Forest 00Bä 84.55 (76.16,93.55) 
Wandsworth OOBJ 65.45 (58.36,73.02) 
Wansbeck 35UG 88.35 (78.98,98.93) 
Warrington OOEU 61.26 (55.82,67.04) 
Warwick 44UF 46.59 (41.28,52.15) 
Watford 26UK 49.31 (43.39,55.60) 
Waveney 42UH 68.98 (62.30,76.12) 
Waverley 43UL 35.67 (28.30,43.72) 
Wealden 21UII 42.14 (36.36,48.43) 
Wear Valley 20UJ 103.34 (86.77,122.42) 
Wellingborough 34UH 56.99 (50.65,63.74) 
Welwyn Hatfield 26UL 45.92 (40.82,51.41) 
West Berkshire 00MB 35.86 (30.43,41.62) 
West Devon 18UL 56.65 (47.45,66.53) 
West Dorset 19UH 53.21 (44.86,62.92) 
West Lancashire 30UP 60.82 (55.50,66.45) 
West Lindsey 32UH 58.78 (51.68,66.60) 
West Oxfordshire 38UF 35.42 (27.66,44.10) 
West Somerset 40UF 73.03 (61.22,86.14) 
West Wiltshire 46UF 45.00 (39.70,50.66) 
Westminster OOBK 74.20 (66.50,82.42) 
Weymouth and Portland 19UJ 68.94 (61.95,76.32) 
Wigan OOBW 82.20 (72.41,92.30) 
Winchester 24UP 38.85 (32.27,46.08) 
Windsor and Maidenhead OOME 37.17 (31.33,43.60) 
Wirral OOCB 74.99 (68.40,82.02) 
Woking 43UM 37.34 (30.79,44.75) 
Wokingham OOMF 31.08 (24.09,38.64) 
Wolverhampton 000W 84.03 (75.85,92.70) 
Worcester 47UE 58.31 (52.81,64.14) 
Worthing 45UH 60.80 (52.92,69.57) 
Wychavon 47UF 44.44 (38.02,51.52) 
Wycombe 11 OF 38.74 (33.35,44.46) 
Wyre 3OUQ 63.15 (56.30,70.39) 
Wyre Forest 47UG 57.33 (51.18,63.78) 
York 00FF 51.15 (45.72,56.86) 
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